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THE IMPORTANCE OF 
FLEXIBILITY IN FOREST MANAGEMENT 
This study is an attempt to define flexibility in 
a reasonably precise manner to help guide decision making in 
forest management. It is also an attempt to develop mea­
sures of flexibility which can be used in systematic evalu­
ation of forest management alternatives. Flexibility is of­
fered, therefore, as a decision criterion for bridging the 
gap between the time when decisions must be made and when 
information for refining decisions may be forthcoming. As 
such, a decision criterion of flexibility is a complement to 
the more sophisticated decision criteria arising from game-
and-decision-theory as a means of resolving the more general 
problem of making decisions under an uncertain environment. 
Flexibility is defined and measures are proposed for speci­
fic use as decision guides. The application of the measures 
to forest management problems is demonstrated through hypo­
thetical, but realistic, illustrations at various levels of 
management decisions. An empirical example is presented to 
illustrate how well these measures may be applicable to a 
particular management situation. 
Flexibility in forest management is important be­
cause of the uncertainty surrounding management decisions. 
Uncertainty, as considered in this study, defines the degree 
to which the consequences of activities or decisions can be 
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determined. The distinctions among certainty, risk and un­
certainty were first developed by Knight (1921). He de­
scribed risk as that environment in which consequences can 
be predicted "objectively". Uncertainty occurs when only 
"subjective" predictions can be made. This distinction ob­
viously is quite fine. Within this study, the distinction 
which is used is the more precise one of Luce and Raiffa 
(1957, p. 13) as follows: 
1. Certainty if each action is known to 
lead invariably to a specific outcome. 
2. Risk if each action leads to one of a set 
of possible specific outcomes, each out­
come occurring with a known probability. 
3. Uncertainty if either action or both has 
as its consequences a set of possible 
specific outcomes, but where the proba­
bilities of these outcomes are completely 
unknown or are not even meaningful. 
The decision maker has greater difficulty evalu­
ating alternatives as the decision environment becomes more 
uncertain. In a certain environment, consequences of ac­
tions are known. The decision maker merely ranks his al­
ternatives by some criterion (e.g., present net worth, in­
ternal rate of return) and chooses the best. In a risk en­
vironment, he knows that any action may lead to one of 
several consequences. He is assisted in his decision, how­
ever , by the knowledge that these consequences will occur 
with known probabilities. He selects that action which re­
turns him the highest expected value. Imperfect information 
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as to the probability distribution poses additional difficul­
ties in an uncertain environment. 
Uncertainty, therefore, is the absence of information 
(Garner, 1962). Probability distributions are only valid for 
circumstances which are seriable (Bowman, 1958). For the 
single, unique decision situation, decision making is comple­
tely uncertain. The decision maker may have a subjective ex­
pectation of the future, but precise information is absent or 
not meaningful. Flexibility is offered as a criterion for 
just such a situation. 
A flexible management scheme, therefore, is one which 
can be altered in response to the influence of exogenous cir­
cumstances . Any management scheme can be presented as a "tree 
of decisions".^  At any decision point, the decision maker is 
presented alternative courses of action from vdiich he must 
make a choice. The choice he makes will ultimately effect 
future choices since the size of any future choice set will 
depend upon present decisions and future states of nature. 
Since the decision maker has no way of predicting nature's 
actions, he must make his present decision so that he does 
not adversely effect the future decision sets. Specifically, 
the decision maker wants to be in a position to take advantage 
A^ discussion of decision trees can be found in 
Magee, 1964a, 1964b, and Blackwell and Girsich, 1954. At 
least one attempt has been made to apply them to forestry 
(Bentley and Kaiser, 1967) . 
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of newly formed sets or opportunities and to avoid those sets 
which restrict him. The purpose of a flexibility criterion 
is to guide his present choices. 
It should be recognized, however, that a flexibility 
criterion would not be used by itself as a decision criterion. 
A decision maker would normally want to apply a mix of cri­
teria. For example, a particular forest manager might be in­
terested in criteria of high expected value and flexibility 
with the relationship between the two still to be determined. 
The decision maker must decide which particular criteria mix 
is applicable to his particular situation. The function of 
the analyst is to quantity the various outcomes that might 
accrue to the decision maker and provide him with some basis 
for selecting the mix of decision criteria for attaining his 
objective. While the analyst might recommend, within the 
scope of his analysis, which particular mixes appear to be 
more relevant, it is for the decision maker to decide which 
is the most important. Indeed, many decision makers are 
likely to decide only on a case-by-case basis after consider­
ing the expected return and flexibility of particular alter­
natives. 
The Decision Problem in Forest Management 
Most forest management decisions are made under un­
certainty. Uncertainty arises in forestry as a result of the 
5 
long time spans between management decisions (actions) and 
the consequences of these decisions and the sequential nature 
of forest management decisions. The combination of these two 
conditions produces a decision making environment in which it 
is not uncommon for objectives as well as decision makers to 
have been changed during one single period between decision 
and the consequence of the decision. Many of the problems 
inherent in forest management are summarized in Flora's 
"chain of assumptions" (1964, p. 377) although his recommen­
dation applies only to particular situations (Davis, 1965). 
Attempts have been made to apply accepted criteria 
to forest management problems. Marty (1961, 1964) rejected 
game theory criteria and offered a system for evaluating the 
probability of occurrence surrounding states of nature. As 
more is known (uncertainty reduced) more alternatives can be 
rejected. Dowdle (1962) proposed using a risk criterion form­
ulated on subjectively determined probability distributions. 
Thompson (1966) proposed a similar criterion based on Bayesian 
decision theory. The decision maker determines the probability 
of occurrence of states of nature and refines these as more 
information is available. Schweitzer (1968) described a pro­
cedure for determining the exact configuration of these dis­
tributions. All of these criteria require information which 
may not be available now and assumptions which may be critical 
in forest management. 
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The lack of such information has forced foresters 
and timber managers into improvisations to cope with the dif­
ficulty. Duerr, Teeguarden, and Guttenberg (1968, p. 763) 
indicated some of these: 
"The decision maker has a number of strate­
gies available to him as defense against un­
certainty , For instance, he may proceed as 
though he were certain of the future, deli­
berating on the basis of single-valued fore­
casts....Or he may make all forecasts in 
terms of probabilities and use the data in 
this form. Or the manager's uncertainty may 
be so great that he will shun a deliberated 
decision and turn to custom or faith as his 
guide." 
This statement indicates the particular difficulty 
a forest manager faces. First, he must make decisions now 
under uncertainty and, secondly, no single decision strategy 
appears to be completely reliable. The need for flexibility 
is partially evidenced by the fact that attempts are made to 
alter the management scheme (Duerr, Teeguarden, and Guttenberg; 
1968, p. 763): 
". . .He may change his planning and produc­
tion program, his organization, or his tech­
nology in an effort to find surer ground. For 
instance, . . ., he may shorten his planning 
period so as to look ahead only a year or two 
at a time. Or he may spread or transfer part 
of his uncertainty in various ways: put some 
of his land into other enterprises such as 
recreational developments or into alternative 
timber species or product programs or in short­
er long-term leasing arrangements." 
The need for flexibility in forest management has 
also been recognized by researchers in forestry. Duerr (1960, 
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p. 310) notes that uncertainty "requires of timber management 
that the cutting program be not only a changing program, but 
also a flexible and quickly adaptable one". Dowdle (1962, 
p. 102) refers to the forester as one who "builds into his 
management plan the flexibility needed for adjusting to vari­
ous contingencies that may arise". Duerr, Teeguarden, and 
Guttenberg (1968) make implicit reference to flexibility as 
a tool of the decision maker. Zivnuska (1967, p. 157) states 
that forest stands "must be planned for maximum adaptability 
to uncertainty, not for some highly specific and differenti­
ated market need". Finally, Marty (1969, p. 91) suggests 
that the difficulty of obtaining reliable forecasts of future 
variables requires the development of "a more approximate or 
conditional decision model than classical marginal analysis". 
Flexibility can be regarded as a criterion to aid in "bridg­
ing the gap" toward a better, more complete decision model. 
Justification for a Flexibility Criterion 
A criterion for evaluating the flexibility of de­
cision alternatives is justifiable only if other, established 
criteria are inadequate for resolving the decision problem. 
As noted, attempts have been made to apply many of these to 
forest management. A review of these criteria indicates that 
many of the assumptions necessary for their application are 
not commensurate with forestry situations. 
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The criteria for resolving the decision problem un­
der uncertainty are described under the headings of statisti­
cal decision theory or its subset, game theory.^ These re­
quire the specification of either a utility function for the 
decision maker and/or a probability distribution describing 
the occurrence of the relevant states of nature. For decision 
situations in viiich no specification of the future states of 
nature can be made, rules and axioms have been prescribed for 
playing "games" against nature. The decision maker selects 
a strategy* commensurate with his particular situation. If it 
is possible to specify more about the decision maker's utility 
function and/or the occurrence of future states of nature, 
other criteria may be used. Some of these are founded on 
utility functions formulated on the decision maker's desire 
to avoid losses (Markowitz, 1959; Farrar, 1962; Hirshleifer, 
1965) , a preference for incomes balanced over time (Hirsh-
leifer, 1966) , or a balance between gain and loss (Vickersy 
1968) . Other criteria are available if a better specification 
The most concise presentation of the range of de­
cision making criteria appears in Edwards (1954). His bibli­
ography is also the most complete. 
^See Luce and Raiffa (1957), Fishburn (1964), or 
Blackwell and Girsich (1954) for a more expanded explanation 
of game theory and the applicable axioms. 
^Strategy, as used here, refers to the specifica­
tion of vAiat the decision maker will do if nature chooses a 
particular alternative. This definition is the one described 
by Blackwell and Girsich (1954, p. 3). 
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of the occurrence of future states can be made either objec­
tively or subjectively (Chernoff and Moses, 1959). This speci­
fication allows the decision problem to be reduced to decision 
making under risk rather than uncertainty (Churchman, 1961). 
Although these criteria have had wide dissemination, 
they all have limitations in a truly uncertain decision en­
vironment. The gaiine theory criteria are specific only to cer­
tain assumptions and tend to be inconsistent when information 
is added (Tisdell, 1963) or to give erratic predictions if the 
game matrix is changed (Dillon, 1959). Criteria requiring the 
specification of a probability distribution are appropriate 
only in a risk situation. They are not appropriate in a de­
cision situation which is not part of a series^ or, at least, 
not repeatable (Shackle, 1949, 1955). Alternatives to these 
criteria have been suggested (Carter, Meredith, and Shackle, 
1957; Fossati, 1959; Egerton, 1960), but the trend is toward 
these probabilistic decision criteria (Foldes, 1958) . 
Attempts to specify probability distributions sub­
jectively do not appear to be very satisfactory for other rea­
sons. These are difficult to specify (Davidson, Suppes, and 
Siegel, 1957) and, even if they can be specified, do not offer 
the decision maker any new informationc These subjectively 
determined probability distributions only formalize the ex­
pectations of the decision maker. These criteria also presume 
that the decision maker, when presented with these criteria, 
will behave rationally (i.e. choose that alternative so indi­
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cated by the decision criteria). One attempt has even been 
made to develop a theory around the non-rational decision 
maker (Back, 1961). 
The proposed criteria, therefore, are not completely 
adaptable to a decision environment of uncertainty. Since 
this describes a forest management decision environment, flexi­
bility is proposed as an additional criterion. 
Study Objectives 
The intent of this study is to evaluate flexibility 
as one possible decision criterion in forest management. A 
flexibility criterion would be utilized in combination with 
other criteria when applicable. As a decision criterion, 
flexibility would be of use to a decision maker desiring to 
maximize some utility function (as would be implied by the 
use of a game theory criterion) while retaining a degree of 
flexibility. The combination of criteria would be of use for 
ranking alternatives to satisfice some level of utility gain 
within a flexibility constraint. If the weight of the utility 
function is toward a higher level of satisficing, flexibility 
might be sacrificed. A more cautious decision maker might be 
inclined toward maintaining a higher degree of flexibility. 
It would be meaningless to talk about weighting 
utility maximization and flexibility if no means existed with 
which to judge them. Much has been written about the pre­
scription of utility functions and the means with which a de-
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cision maker can maximize. Very little exists as to how flexi­
bility may be quantified. This is part of the objective of 
this study. Such information would be expected to be of use 
primarily to investors and/or forest managers vrfio roust make 
decisions under uncertainty. Secondary users would be those 
researchers concerned with information gathering for forest 
management. 
The ultimate objective of the study, therefore, is 
to develop operationally useful definitions and measures of 
flexibility which can be applied as criteria to forest manage­
ment decisions. 
More immediate objectives must be first attained: 
1. A proposed set of definitions and measures 
of flexibility. 
2. Illustrations of how these definitions and 
measures might be applied in forest manage­
ment. 
3. Identification of the strengths and weak­
nesses of the proposed definitions and mea­
sures and suggestions for refinement. 
Scope 
In addition to specifying what the study will do, 
it is necessary to recognize what the study will not do. Flex­
ibility is offered as only one of a set of possible decision 
criteria as previously noted. The study analyzes flexibility 
as a criterion without reference to specific decision making 
objectives. A function of the analyst is the determination 
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of the particular decision maker's objectives in order to 
provide him with relevant criteria mixes. No attempt is made 
to indicate how flexibility should be combined with other 
criteria. This study, therefore, evades the more important 
question of what should be the decision maker's objectives. 
Study Procedure 
The next section is devoted to flexibility. A 
definition is offered and some measures of it described. 
Then, the measures of flexibility are applied to 
hypothetical decision schemes in forest management. Several 
decision levels are considered and some indication is pre­
sented of the applicability of the measures to each. 
One of the examples is reconsidered and a test is 
made of the applicability of the three measures to it. This 
testing is accomplished through the simulation of a manage­
ment problem and an evaluation of the alternative actions 
which can be taken. This represents a partial test of how 
well the measures describe flexible actions and the extent 
to which they may be applied in forest management. 
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DEFINITIONS AND MEASURES OF FLEXIBILITY 
Flexibility must be thoroughly understood before it 
can be translated into a decision making criterion. An un­
ambiguous definition and some identifiable variables which 
measure flexibility are required for formulation of decision 
criteria. A short discussion follows to illustrate how flexi­
bility has been used in several different disciplines. These 
uses provide a means of establishing a basis for proposing a 
definition of the term applicable to forest management. 
Flexibility has often been used in business adminis­
tration and industrial management. Davis (1951, p. 508) 
prescribes flexibility as one of the objectives of management: 
"Organizational flexibility may be de­
fined as that quality in an organization that 
enables it to adjust itself to temporary changes 
in business conditions without serious losses of 
economy or effectiveness. The objectives of de­
veloping flexibility may be such values as the 
ability to meet changing competition promptly, 
the ability to adjust the organization promptly 
to changing loads of work, the maintenance of 
a proper relationship between wage and salary 
expense with changing business volume, greater 
continuity of employment for permanent employees, 
and similar advantages." 
In the business world, then, flexibility refers to 
the ability to adapt promptly to a situation. This defini­
tion is limited since it refers only to the results of flexi­
bility, not operationally useful methods of achieving it. 
This idea is refined somewhat by Urwick (1943, p. 30): 
"But there is all the difference in 
the world between flexibility, which means 
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absence of rigidity, and aimlessness which 
means absence of any spine at all... It 
gives to pressure, the pressure of demand. 
But the moment the pressure is relaxed it 
springs back with the minimum of unavoidable 
delay into straight-line production." 
Flexibility, therefore, contains elements of rigidity 
and elasticity. Such flexibility can be obtained according 
to Davis (1951) by careful analysis of internal considerations 
such as business forecasting, personnel structure, etc. Such 
considerations would not be aimed at flexibility alone, but 
at a blending of flexibility and other considerations. In 
the final analysis (Drwick, 1943, p. 121) 
"The vitality of an enterprise is mea­
sured by its power of spontaneous reaction to 
changes in conditions, and of internal modifi­
cation and rearrangement to meet such changes... 
This power must be continually fostered and 
factors unfavorable to its development watched 
for and eliminated." 
This describes flexibility qualitatively rather than 
quantitatively. Its usage in business administration only 
demonstrates that it is, in some sense, "good". This "good­
ness" also has relevance in management for economically 
oriented objectives. 
Economic literature, however, tends to approach flexi­
bility through other terminology. Early research concentra­
ted on the problem of adaptability and divisibility of the 
firm (Stigler, 1939) . Attempts were made to describe the 
shape of a firm's long- and short-run cost curves. A shallow 
long-run cost curve was an indication of a firm's attempt 
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to spread costs over a range of outputs. This is, of course, 
an implicit description of flexibility since firms possessing 
these cost curves were assumed to be more adaptable.® 
Adaptability defined in terms of a long-run cost 
curve would also appear applicable to forest management. A 
decision by a decision maker to shorten his planning horizon 
might result in the postponement of silvicultural activities 
until more relevant information is available. Thus, adapta­
bility and divisibility are considered as elements toward a 
definition of flexibility. The need for adaptability and 
flexibility because of a high degree of uncertainty might 
also be a factor in limiting the size of the firm 
(Schwartzman, 1963). Small firms tend to be better able to 
retain an ability to receive and interpret information with 
speed and accuracy, and, thus, are more flexible than larger 
firms. 
Flexibility of the production unit has been the con­
cern of Hart (1940) and Masse (1962). Hart viewed the prob­
lem of production as that of "selecting not a final but a 
provisional output" (1940, P- 51). The entrepreneur is pre­
sumed to be in a position in which he must make decisions 
S^tigler makes a distinction between flexibility and 
adaptability which is hair-line at the most. A flexible pro­
duction scheme would have a cost higher than the best-known 
technology for any output. "This line of reasoning indicates 
that flexibility and adaptability differ, but on the other 
hand, there is a prima facie case for the proposition that the 
greater the adaptability, the less the need for flexibility." 
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in time t^  as to what will be produced for sale in time t^ . 
More information is expected to be given him before t]^ , say 
tf. Therefore, he will select an output which will allow 
him to shift production more easily when this information 
becomes available. The output chosen depends upon his ex­
pectations as to receipts and profits. His cost function 
probably will be higher than if he had perfect foresight, 
but this is offset by the guarantee of not making a "bad 
guess". This is flexibility also in the Stigler sense as 
a "non-optimum" decision is made in order to ease the adjust­
ment to a later more "optimum" decision. The decision maker 
would be attempting to be a satisficer rather than a maximizer. 
Masse (1962) defines flexibility in terms of the 
cost of being wrong. He builds a schematic model on the 
basis of cost of maladjustment (being wrong) compared to 
the cost of changing to a more flexible organization (however 
described). As long as the cost of change is less than the 
cost of maladjustment, the entrepreneur will change his 
management scheme. 
An implicit reference to flexibility can also be 
found in the literature under terms such as diversification 
and liquidity preference. Both of these terms refer to 
theorizations as to why investors who seem to operate as if 
they were maximizing expected utility hold more than one 
asset. The answer would appear to lie in an implicit pre­
ference for flexibility in investment. 
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Roy (1952) offers a model for prescribing the beha­
vior of an investor who diversifies his assets and liabili­
ties. His principle of "safety first" is a satisficing model 
in which the investor "hedges" his investments against an un­
certain future. Theories concerning preference for holding 
short-term assets and money also lend credence to this theory. 
Thus, it has been shown that, qualitatively, flexi­
bility is important. In order for it to be of use operation­
ally, however, a quantitative determination of flexibility 
must be prescribed. The decision maker must kncv; what is in­
volved" in terms of benefits to him if he opts for flexible 
alternatives. 
Toward a Definition of Flexibility 
As a basis for establishing a definition of flexi­
bility, the decision environment is redefined. The character­
istics of this particular decision environment are as pre­
scribed by Marschak and Nelson (1962, p. 42); 
(a) The payoff to the decision maker is a func­
tion of a sequence of actions taken by him, 
at times t]_, t2 / -. • •, t^  and a sequence of 
states of the world beyond his control. 
(b) At any point in the decision sequence, the de­
cision maker has less than perfect information 
about what the future sequence of states of 
world will be. 
(c) Although before time t„, the decision maker is 
•uncertain as to what the world will be like at 
time t^ r he is more certain at times closer to 
tn than he was at times farther away. 
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In forestry, it might be desirable to postpone de­
cisions until one is certain, but this is often impossible. 
Qualitatively, as the degree of uncertainty increases or as 
the amount of information expected to be received increases, 
flexibility becomes more important. In this way, flexibility 
may add something to the more formalized theories. It pro­
vides a criterion for making decisions in the interim until 
information is received and, hence, uncertainty is reduced. 
Flexibility is, therefore, applicable in long-term decision 
sequences in which information and reduction of uncertainty 
are functions of time. 
Thus, flexibility has two distinct connotations. 
First, it implies a condition of invulnerability to the in­
fluence of exogenous variables. Stigler's (1939) concept 
of divisibility of the firm as refined by Orr (1967) gives 
rise to this connotation. Invulnerability simply means that 
the flexible production unit is approximately optimum for 
a wide range of outputs. This implies that as exogenous vari­
ables change (e.g., demand for the product) and as output 
changes, the firm's net revenues or profits will not signi­
ficantly change. In forestry, this could be illustrated by 
a decision to grow a mixed stand of timber rather than a pure 
stand or one consisting of only one species. The mixed stand 
would be optimum over a wider range of value fluctuations 
for the individual species than would the single species stand. 
The second connotation is adaptability. Adaptability 
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is defined by Massie (1958, p. 447) as "the response of one or 
more variables to change in one or more related variables". 
Adaptability differs from invulnerability in that adaptability 
involves a deliberate change of direction in response to an 
exogenous stimulus in order to achieve optimality while in­
vulnerability implies a stable condition of approximate op­
timality over a range of exogenous circumstances. The in­
herent ability to adapt is noted in almost all of the dis­
cussions of flexibility. This ability to adapt is a primary 
variable in Massé's schematic model defining cost of malad­
justment. Ability to adapt to exogenous circumstances could 
be illustrated in forestry by a decision to thin a stand 
early in its life to maintain a higher rate of growth for 
earlier marketing if such conditions warrant. 
Flexibility is particularly important when two condi­
tions exist: 
1. When the decision maker must make sequential de­
cisions in an environment of uncertainty. 
2. When additional information concerning future 
states of nature is expected prior to decision 
making points. 
Flexibility, therefore, is a criterion for aiding in 
the making of interim decisions. Other formalized criteria 
may be employed as uncertainty is reduced. It also is im­
plicit that the decision maker opts for flexibility only with­
in the constraints of his expected cost of maladjustment. 
The evaluation of maladjustment should be a next step in the 
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consideration of flexibility. 
A flexible management scheme can be defined, there­
fore, as one which (a) is invulnerable to the influence of 
exogenous variables and (b) retains the ability to adapt to 
the influence of exogenous variables. Neither condition is 
entirely independent of the other. A flexible scheme might 
contai# elements of both. To make flexibility operationally 
useful., measures are prescribed which permit the decision 
maker to make choices. 
Some Possible Measures 
Marschak and Nelson (1962) proposed three measures of 
flexibility. These are probably not the only measures with 
which flexibility may be measured, but these do encompass 
most of the descriptions of flexibility found in the liter­
ature and cited previously. These measures are defined in 
terms of sets and set theory. The basic comparisons are be­
tween two sets each defined as the set of subsequent decision 
actions originating from a single, initial decision action-
The first measure defines one set as inflexible if it is en­
tirely a subset of the other. Measure II defines flexibility 
in terms of the costs associated with taking the sets of ac­
tions. The third measure defines flexibility in terms of the 
net returns associated with taking the sets of actions. Each 
measure is expressed in set theory terminology and then dis­
cussed and illustrated. 
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Size of initial decision set 
Define a set of initial actions as the set of all 
possible actions which the decision maker may take in time 
period 1. Let a^  and a^  be two actions in this set. Define 
the set of possible actions in another time period, say 
period 2, as being a function of any action taken in the 
initial time period 
This can be denoted A2 (a^ )• Therefore, an action a^  is de­
fined as more flexible than an action a^  if 
A^ (apCA^ (a^ ) 
The set A2(a^ ) is the larger set and entirely contains the 
set A2(a^ ) within it. 
The implication of this measure is that the larger 
the set A2 (a^ ) that is maintained, ,the more flexible the. 
management scheme. This simply means that once a decision 
has been made, the more alternatives that remain, the better. 
Gupta and Rosenhead (1968) describe this condition as the 
"robustness" of early decisions. Such a condition is illus­
trated in Figure 1. 
Assume that a decision maker has two initial actions 
available. He may establish a Christmas tree plantation of 
1,000 trees per acre or one of 750 trees per acre (Figure 1). 
His management plan is to harvest the entire plantation at 
age 10 years. However, if prices so dictate, he will ligui-
22 
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Figure 1. Two hypothetical planting schemes 
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date at an earlier age. Experience has shown that, on the 
average, more dense plantations have a higher mortality rate 
than less dense stands. 
The set of subsequent actions available to him if 
he selects action A is represented by the set bounded by 
OACD. This set represents the number of trees which he can 
choose to harvest at any time during the 10-year period. 
Similarly, set OBCD represents the set if he selects action 
B. By measure I-, the set originating from A is more flexi­
ble because it contains the set from B. 
This measure describes, to some extent the connota­
tion of adaptability determined to be a part of the defini­
tion of flexibility. This measure is imperfect in that no 
consideration of cost or net gain associated with either al­
ternative is made. 
Cost of taking a sequence of actions 
The second measure considers the cost of taking a 
sequence of actions. Let a^ and a^ be defined as before as 
a member of the set of possible decision maker actions in 
time periods 1 and 2, respectively. Let w be a member of 
the set W which is the set of all possible states of nature. 
W occurs at time 2. The gain to the decision maker is the 
profit,TT, which is the difference between revenue, R, de­
termined by the final action taken and the state of the 
world at that time and the cost, C, of taking both actions. 
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This is 
IT = R(w,a2) - C(a2,a2) 
Marschak and Nelson's second measure defines an ini­
tial action a£, more flexible that a^ if ' 
a) given any number 0>O, there exists an action 
a2 such that 
C2(a2,aj|) - C2(a2,aj^)>e 
and b) there exists a number 0*> 0 sUch that for all a^ 
— 2 
This describes the limits in which the less flexible set 
of actions is optimum in terms of cost. This is illustra­
t e d  i n  F i g u r e  2 .  
In Figure 2 ,  two cost curves are prescribed for 
taking a sequence of actions in different time periods. Both 
curves reach their minimum at point Q*. Curve (aj^) repre­
sents the cost of taking a sequence of actions starting from 
the initial decision a^. (a'p is identically defined from 
decision a^. At points less than and greater than Q^r 
Agfa^) is optimum. Only between these two points is A2 
(a^) optimum. Therefore, if the decision maker is uncer­
tain as to what his final action set will be, he would make 
decision a£ if he wanted to be flexible. 
This measure is similar to the proposition of Stigler 
(1939). He was concerned, however, with a single decision, 
while this measure is concerned with a sequence of decisions. 
Expressed this way, however, a constraint is imposed on the 
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decision sets discussed in the first measure. If aj is more 
flexible according to the second measure, a^ cannot be more 
flexible according to the first measure. This second mea­
sure also contains the elements of adaptability and invulner­
ability. The cost to the decision maker of adapting is 
clearly shown as well as indicating the areas in which the 
decision is invulnerable. 
Expected return from taking a sequence of actions 
If it is not possible to specify tt, then an expected 
profit, TT*, may be substituted. Define Z as a signal set 
which is some information as to W, the states of nature.® 
Then the expectations may be used to define which action is 
the more flexible. An action ais more flexible than action 
a£ if 
a) given any number 0>O, there exists a signal 
Z2 for which 
a£) - n*(z2, ap > 0 
and b) there exists a number 0* > 0 such that for all z_ 
— I 
As illustrated in Figure 3, these two curves are the 
reverse of those illustrating the second measure. The same 
^Marschak and Nelson are rather vague about Z. 
It can be anything from a Probability distribution to a 
"rule of thumb". 
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discussion applies. is limited to a range of actions 
for which it is optimal. For actions beyond Q^, Z^(ap can 
be considered invulnerable. 
Applicability to forest management 
To determine if these measures can be used to define 
an operationally useful criterion in forest management, some 
illustrations of how flexibility might be considered at 
various levels of forest management are presented. These 
are compared on the basis of 
1. The differences in the sizes of the initial 
and subsequent decision sets. 
2. A comparison of cost curves of taking a se­
quence of actions at various levels of manage­
ment to determine which appear to be more 
shallow. 
3. A comparison to the expected returns of various 
management schemes.. Expected returns are 
analyzed with respect to a) differences in 
the type of signals indicating the higher ex­
pectations and b) the differences in the charac­
teristics of the decision sequences. 
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FLEXIBILITY IN FOREST MANAGEMENT DECISIONS 
The stated objective of the study is the development 
of an operationally useful criterion to guide decision making 
based upon the three measures of flexibility. As a step to­
ward that objective, the measures are applied to a forest 
management decision problem under uncertainty. This problem 
is presented as a set of possible decisions which are both 
unique (not seriable) and sequential. Uniqueness is accom­
plished by restricting the decision problem to that of a 
single firm faced with making choices among new alternatives. 
Sequentiality is accomplished by allowing time to separate 
action and consequence, and by allowing each decision to be­
come a constraint on each succeeding decision. In this 
latter context, the decisions may be viewed as a tree of de­
cisions in which the branching represents decision making at 
successively lower decision levels. Thus, the three mea­
sures of flexibility can be evaluated as decision criteria 
at several levels of decision making. 
Although the decision problem has empirical founda­
tion, the set of alternatives is hypothetical in that no 
single firm would have precisely the decision set presented. 
A firm would, however, have a similar décision set through 
which the relative flexibility of each alternative could be 
compared. Hypothetical rather than empirical decision sets 
are used because data limitations preclude a purely empirical 
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set and a wider range of decision levels can be evaluated. 
In order to better evaluate the validity of the hypothetical 
examples, the next section reconsiders one of the following 
examples utilizing data obtained empirically and through sim­
ulation. 
The decision problem is organized as a hierarchy of 
decision alternatives. The decision maker is a hypothetical, 
wood-using, vertically and horizontally integrated company. 
Decision making is decentralized throughout the various sub-
units of the company. The company is initially organized into 
divisions (e.g.- woodlands, marketing, production, etc.) which 
are, in turn, divided into districts. A district head is re­
sponsible for an area or forest. Each forest is composed of 
individual stands. 
Decision making is different at each level of organi­
zation. The differences occur primarily because of the dif­
ferent objectives to be attained and the lengths of planning 
horizons. A decision made at one level becomes a policy ob­
jective for the next lower level. This next level is con­
cerned with choosing among its alternatives to implement 
higher decisions. Also, at each successively lower decision 
level, the decision sets are constrained by shorter planning 
horizons. A shortening of planning horizons indicates, im­
plicitly, a reduction in uncertainty and, possibly, a reduc­
tion of the need for flexibility. This is considered as 
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each set at each decision level is evaluated using the three 
measures of flexibility. 
Company Level Capital Investments 
The Decision Set 
The highest level of decisions are those facing the 
executive board of the Company. These decisions are made 
from among alternatives which have long-term consequences. 
Such decisions guide the policy of the total firm for many 
years. The firm has an objective of profit maximization, but 
uncertainty as to the consequences of any action taken. 
At present, the firm is engaged in producing conven­
tional wood products—paperboard, newsprint, market pulp, 
lumber, plywood, etc.—from wood inputs obtained from its own 
or leased woodlands. Each year the firm has a quantity of 
capital available for further investment. Its relative share 
of the market has been declining so alternatives have been 
proposed for expansion into new markets. The company has the 
following possibilities as investment ventures: 
1. Increase current production capacity by enlarging 
current facilities, building new facilities and 
increasing the output from woodlands through more 
intensive management and acquiring more woodlands. 
No change in the type of products produced. 
2. Invest in production facilities to produce non-
woven fabrics. This represents a venture into 
a new, untried market. 
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3. Insure a market for the non-woven fabrics by 
purchasing the production and distribution fa­
cilities of a specialty firm. This firm is well 
established in its own market. 
4. Invest in the development of currently held wood­
lands by purchasing a real-estate development 
firm. The firm is a proven one with considerable 
managerial talent. 
5. Produce new consumer products by investing in new 
production facilities. The market for these pro­
ducts is well established. 
The combination of the possible investment ventures is 
assumed to be governed by the following constraints: 
1. Any investment alternative must include continued 
investment in woodland management for continued 
reliance on the income from the production of con­
ventional wood products. 
2 .  An investment into specialty uses of non-woven 
fabrics is not attempted unless an initial invest­
ment in facilities for producing non-wovens is 
made. 
3. Total investment in any time period is governed 
by the relative needs of the investment ventures 
in each alternative. 
The five investment ventures are combined into eleven 
decision alternatives (Table 1). These are detailed in Ap­
pendix A. Alternative A represents an alternative to continue 
as before. Investment is in increasing present facilities, 
building new facilities and acquiring additional land for 
greater production of current products. Alternative E repre­
sents the other extreme in that all possible ventures are 
considered and undertaken. A greater emphasis is placed on 
new areas and less on current. All other alternatives are 
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Table 1. Hypothetical company level decision alternatives for 
a wood using firm 
Percent invested in each venture 
Decision Current Non-woven Specialty Real-estate New 
Alternative Products Fabrics Firm Firm Products 
% % % % % 
A. 100 - - - -
B. 95 5 - - -
C. 85 5 10 - -
D. 80 5 10 5 -
E. 70 5 10 5 10 
F. 90 5 - 5 -
G. 85 5 - - 10 
H. 75 5 10 - 10 
I. 95 - - 5 -
J. 85 - - 5 10 
K. 90 - - - 10 
possibilities between these two extremes. 
It should also be noted that each decision alternative 
is presented as if the decision were being made at one point 
in time. This would, to some degree, violate the stress on 
the sequential nature of such decision making. Each decision 
alternative is to be viewed as an alternative in which each 
indicated investment venture is undertaken during the plan­
ning period. 
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Application of Measure ^  
Measure I defines an initial action, a^, as more flex­
ible than another initial action, a2/ if the set of all possi­
ble subsequent actions from a^, A^(aj^), entirely contains the 
set of all possible subsequent actions from a2, Aj^(a2). 
Measure I can, therefore, be applied to two decision sets by 
directly comparing the sets of alternatives- For purposes of 
illustration only, the eleven decision sequences are collapsed 
into eleven decision alternatives, each of which is defined 
as the alternative of selecting a sequence. In this way each 
alternative is presented as a selection occurring at the same 
point in time. For example, the difference between decision 
alternatives B (Table 1) and C is that B is assumed to pre­
clude investment in the specialty firm during the planning 
period while C includes this as a subsequent action. The al­
ternatives, therefore, are proxies for sequential sets. The 
results of applying Measure I are shown in Table 2. 
Alternative E (all investment ventures) is the most 
flexible since any subsequent action from any other alterna­
tive is simply a subset of alternative E. Likewise, alterna­
tive A is least flexible since it is a stibset of all others. 
From this point, however. Measure I is not completely satis­
factory as a measure of flexibility. 
Alternatives D and H each contain four investment ven­
tures. Therefore, by Measure I, they are more flexible than 
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Table 2. Relative flexibility by each measure and expected 
returns of company level decision alternatives 
Flexibility Ranking 
Measure 
Decision Expected I 
Alternative Return (Size of Set) 
Measure 
II 
(Costs) 
Measure 
III 
(Net Revenues) 
E. 11 
h 
.32 1 1 1 
D. 11, .18 2 2 2 
J. 10, .81 3 3 4 
F. 10, .87 3 5 3 
H. 9, .25 2 4 6 
I. 10. ,67 4 7 5 
G. 8. 91 3 6 8 
c. 9. ,11 3 8 7 
B. 8. ,77 4 10 9 
K. 8. 74 4 9 10 
A. 8. 60 5 11 11 
other alternatives which are subsets. Measure I cannot be 
used to distinguish between alternatives D and H. These con­
tain ventures in common, but also ventures not in common-
Measure I does not distinguish among overlapping sets. Like­
wise, smaller sets containing the same number of investment 
ventures (e.g^., C and I) are not differentiated by Measure I. 
As a first approximation a preliminary, but incomplete, flexi 
bility ranking is given each alternative with Measure I. 
36 
Application of Measure II 
Measure II describes flexibility in terms of the rela­
tive shapes of the cost curves associated with taking a se­
quence of actions. A relatively shallow cost curve (costs re­
main relatively constant over a range of subsequent decision 
alternatives) is defined as more flexible than one in which 
the curve is more U-shâped. The alternatives are ranked by 
Measure II in Table 2. 
Alternative E is again defined as most flexible and 
alternative A is least. As indicated by Table 2, a more com­
plete ordering of alternatives is possible. This is illus­
trated in Figure 4 with five selected alternatives. Alter­
natives D and H which were not differentiable by Measure I 
are differentiable with the addition of cost information. 
The cost curve of D (Figure 4) lies entirely below that of 
H- Likewise, other comparisons can be made for a complete 
ordering of alternatives. 
Application of Measure III 
Measure III is the obverse of Measure II. Instead 
of using the relative shallowness of the cost curve. Measure 
III defines flexibility in terms of the shape of the curve of 
expected net returns or profits from taking a sequence of 
actions. Thus, a flexible sequence of actions is one which 
is more shallow (less variation in expected returns) then 
Each curve represents the expected costs at each point-in-time 
for a 10-year planning horizon. Differences in the curves arise 
as capital investment requirements for the particular investments 
differ. Curves are weighted from information presented in 
Appendix A. ^  1 5 0  
• 100 
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another sequence in which the curve of expected returns re­
sembles an inverted U. The eleven alternatives also are ranked 
by Measure III in Table 2. 
Measure III also completely orders the eleven alterna­
tives. Alternatives E, D, and A remain in the same positions 
as with the other two measures. From this point, however, 
there is some differences in the rankings. Figure 5 compares 
seven of the eleven decision alternatives. 
Evaluation 
At this level of decision making, it appears that the 
three measures can be used to differentiate alternatives as 
to which are more flexible. Also, it appears that no single 
measure alone is sufficient. Measure I is limited to differ­
entiating sets which do not contain overlapping elements. Its 
advantage is that application requires the least information. 
Measures II and III require progressively more information 
for application. Considered in terms of the uncertainty sur­
rounding them. Measure I, although limited, stands out as be­
ing more useful than the other two. Long-term investments 
would be characterized by high uncertainty or, conversely, 
inadequate information. 
The information requirement for Measure III is a sig­
nal as to the probable state of nature. At this level of de­
cision making, the only available signal is the decision 
s 
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maker's subjective estimation of returns. With this signal, 
therefore, this measure resembles other criteria for decision 
making under uncertainty. 
Division Level Timberland Investments 
The Decision Set 
Any decision made at the company level becomes an ob­
jective to be attained at the next lower level. The previous 
set of decision alternatives all require an input of raw wood. 
Therefore, to implement any company level decision, the firm 
must consider expansion of its input source. This would in­
clude additional investment in the management of currently 
managed timberlands, the acquisition and management of new 
lands or purchase of "outside" wood. Management decision 
making at this level is the province of the division level 
decision making group. 
Investment decisions at this level take into consider­
ation the potentiality of land as input for various product 
outputs. Multiple-purpose land (i.e., that having potential 
as input for more than one output simultaneously) is an a 
priori flexible timberland investment (Teeguarden and Werner, 
1968). A more difficult decision problem, however, is that 
of determining relative flexibility of alternative invest­
ments in single-purpose timberlands. For purposes of illus­
tration, this set of decision alternatives is restricted to 
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land with a potential only for growing timber. 
Timberland can only be considered with regard to the 
potential production of wood from the land. This varies ac­
cording to the climatic and physiographic conditions which 
determine which species will be best suited for an area. Ac­
cordingly, the differentiation of timberland in terms of 
flexibility is a comparison of the characteristics of timber 
species. A decision alternative set is hypothesized concern­
ing investment in timberland suitable for growing either of 
two timber species. These two species serve to illustrate 
how a decision maker might differentiate among species using 
the three measures of flexibility. 
Assume that the firm is to invest in land on which will 
be grown plantations of either black walnut for production of 
sawlogs and veneer logs or slash pine for production of pulp-
wood and sawlogs. There are five types of land available for 
investment rated as to their potential for growing each 
species. These are: 
1. Land of site index 80 for black walnut. 
2. Land of site index 60 for black walnut. 
3. Land of site index 80 for slash pine. 
4. Land of site index 70 for slash pine. 
5. Land of site index 60 for slash pine. 
The five forest types are combined into eleven alter­
native timberland investments (Table 3). These particular 
Table 3. Summary of the relative rankings of flexibility by each measure for di­
vision level timberland investment alternatives 
Percent invested in each 
activity by site Ranking by Measure 
Decision Black Walnut Slash Pine I II III 
Alternative Invested Site Invested Site (Size of Set) (Costs) (Net Revenues) 
% SI % SI 
A. 20 80 80 80 1 9 1 
B. 20 80 80 70 1 6 4 
C. 20 80 80 60 1 3 8 
D. 10 60 90 80 1 8 3 
E. 10 60 90 70 1 5 6 
P. 10 60 90 60 1 2 10 
G. 100 80 — —  —  —  2 11 7 
H. 100 60 — — 2 7 11 
I. — — 100 80 2 10 2 
J. 100 70 2 4 5 
K. M W 100 60 2 1 9 
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eleven alternatives are chosen only to illustrate differences 
between species. They are hypothetical in that it would be 
unrealistic to assume that any contiguous area of forest land 
would be of a homogeneous site quality. Many combinations 
could be considered, but the resultant inter- and intra-
specific differences should not change. 
Alternatives A through F represent the situation in 
which the company will continue to produce softwood, sawtimber, 
and veneer. Alternatives G through K represent the unrealis­
tic situation of specialization in a single product. These 
alternatives serve to illustrate inter-specific differences. 
Detailed information as to the assumptions of expected costs 
and returns is in Appendix B. 
Application of Measure I 
Application of Measure I (comparison of subsequent 
decision sets) again indicates the difficulty illustrated in 
the first set of decision alternatives (Table 3). Alterna­
tives A through F each contain two investment ventures and 
can be said to be more flexible than alternatives G through 
K which have single investment ventures. Measure I cannot 
distinguish among A through F or G through K. More informa­
tion must be provided before a differentiation can be made 
between species and among different sites for the same species. 
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Application of Measure II 
As shown in Table 3, Measure II (analysis of the rela­
tive cost curves) will completely order the alternatives. 
This ordering is a weaker ordering than that of the previous 
decision set. Single-venture alternatives are ranked as both 
most flexible and least flexible. It is of interest to note 
which alternatives are defined as more flexible. 
Without exception, poorer sites are defined as being 
more flexible than better sites. This is shown in Figure 6 
with selected alternatives. Generally, the cost of invest­
ment in a plantation rises with site index. On better sites, 
costs are incurred earlier and, therefore, carried longer. 
Per unit costs tend to be higher, also. However, Measure II 
does appear to define growing pine as being a more flexible 
alternative than growing black walnut. 
Application of Measure III 
An analysis of expected returns (Measure III) of each 
alternative also yields a complete ordering of the alterna­
tives. The order, however, is completely different from that 
of Measure II (Table 3). Combination investments (e .£• alter­
native A) on good sites ranked high. Investments in pine 
ranked higher than those in black walnut. This is shown in 
Figure 7 for selected alternatives. 
Each curve represents the expected cost at a point-in-time for the planning 
horizon. Differences arise as investment costs differ. The curves are con 
structed from information 
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Figure 6. Expected costs of selected timberland investment decision alternatives 
Each curve represents the expected profits at a 
point-in-time for the entire planning horizon 
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Expected profit from selected timberland investment decision alternatives 
47 
Since expected profit is defined by the action taken 
and a signal as to the occurrence of a future event, Measure 
III might now be described for a signal other than a probabili­
ty distribution. Investment in slash pine is more flexible 
because this species is marketable earlier than black walnut. 
A signal for application of Measure III, therefore, might be 
the relative frequency of marketing of crops of the species. 
Evaluation 
At this point, a better distinction can be made as to 
possible weighting of the three measures. Measure II does 
not appear to sufficiently differentiate the flexibility of 
alternatives, or at least it did not with the examples used. 
Both of the other two measures appear to be better measures 
and, therefore, probably should be weighted more. 
The idea proposed by Marschak and Nelson (1962) that 
Measure III does not necessarily require a probability of 
occurrence for application, but a possible "rule of thumb" 
might be usefully applied with forest management investments. 
Instead of applying Measure III with an expected profit as 
a signal, it might also be applied with "relative profita­
bility" indicated by the variety of products produceable. A 
"rule of thumb" for a forest management decision maker for 
applying Measure III might be "select that alternative which 
has the greatest variety of produceable products as the most 
flexible". 
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The extreme differences between the rankings of 
Measures II and III indicate some of the difficulty of re­
lying solely on a single measure. Measure II is biased toward 
low cost alternatives and Measure III is biased toward high 
return alternatives- Low cost and high return are not neces­
sarily a characteristic of a single alternative. This indi­
cates that as more information is available cost (as a cri­
teria) should be given correspondingly less weight. 
District Level Management Scheme 
The Decision Set 
Once the company has invested in land for growing 
timber, management schemes are initiated. The choice of a 
management scheme is made at the next lower decision level. 
One assumption of the previous alternative set was that the 
management of each species included both thinning and prun­
ing. There may be differences in the characteristics of these 
two silvicultural practices which would aid the decision 
maker in the decision as to which management scheme should 
be followed to remain flexible. To analyze the difference in 
management schemes, thinning and pruning schemes are compared 
for each species. These comparisons are made for the same 
site index (80 in both illustrations) for both slash pine and 
black walnut. The set of decision alternatives is as follows: 
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A. Invest in thinning and pruning black walnut. 
B. Invest in only thinning black walnut-
C. Invest in only pruning black walnut. 
D. Invest in neither thinning nor pruning black 
walnut. 
E. Invest in thinning and pruning slash pine. 
F. Invest in only thinning slash pine. 
G. Invest in only pruning slash pine. 
H. Invest in neither thinning nor pruning slash 
pine. 
The focus of this set of alternatives is to make intra-
specific comparisons of silvicultural practices. Consequently, 
the emphasis is on comparisons among alternatives A through D 
and among alternatives E through H. It is assumed a priori 
(based on the preceding results) that alternatives E through 
H are generally more flexible than alternatives A through D. 
Detailed information concerning the principal assumptions is 
presented in Appendix C. 
Application of Measure I 
Using Measure I, it is established that alternative A 
is more flexible than either alternatives B or C and that al­
ternative E is more flexible than alternatives P or G. A 
question arises as to whether doing nothing silviculturally 
(alternatives D and H) is a more flexible alternative than 
doing something. Is doing nothing a subset of the other al-
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ternatives? 
The results from the first set of decision alterna­
tives for long-term capital investments tend to indicate that 
doing nothing (or at least continuing along the same decision 
path) is inflexible. Intuitively, this might also be the case 
in this set of alternatives. Physical responses to silvicul-
tural practices are relatively slow and, in many instances, 
dependent upon the time of application. To delay application 
beyond a certain point would possibly deny the decision maker 
the ability to respond to exogenous factors. Measure I alone, 
therefore, is a doubtful measure of flexibility where the de­
cision maker might have difficulty determining just what al­
ternatives are subsets or partial subsets of another. 
In this instance, doing nothing is ranked as least 
flexible by transitivity. Alternative A (E) is more flexible 
than alternatives B and C (F and G) by Measure I. Since B 
and C (F and G) each partially contain D (H) as part of the 
set, a priori they are defined as more flexible. Therefore, 
alternatives D and H are ranked as least flexible within their 
specific groups (Table 4) . 
Application of Measure II 
The cost of taking subsequent actions as a measure of 
flexibility again appears to be a less significant measure 
than either of the other two measures. In the examples used. 
Table 4. Summary of the flexibility rankings for alternative management schemes 
Activities Ranking by Measure 
Decision " I II III 
Alternative Species Thinning Pruning (Size of Set) (Costs) (Net Revenues) 
A. Black Walnut X X 1 4 1 
B. Black Walnut X 2 3 2 
C. Black Walnut - X 2 2 3 
D. Black Walnut - 3 14 
E. Slash Pine XX 14 1 
P. Slash Pine X 2 3 2 
G. Slash Pine X 2 2 3 
H. Slash Pine - 3 l 4 
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alternatives D (H) are least costly and, therefore, by Measure 
II, more flexible {Table 4). Alternatives involving only prun­
ing (C and G) are more flexible than alternatives involving 
only thinning (E and F). Alternatives involving both thin-
nig and pruning (A and E) are ranked as least flexible. 
These are illustrated in Figure 8. 
The difficulty with using costs as a measure of flexi­
bility is in the differences in timing of the costs. Pruning 
has a higher earlier cost in the investment period than does 
thinning. Thinning operations are accomplished over a longer 
period of time with usually higher costs as the plantation 
age increases. For this reason, costs late in the rotation 
are higher for thinning than for pruning. On this basis, 
pruning, by Measure II, is the more flexible. 
Application of Measure III 
A comparison of Measure III (expected net revenues) 
and measure II (costs) illustrates that these yield precisely 
opposite results (Table 4). This re-inforces the conclusion 
from the previous decision set that Measure III is a stronger 
measure since it contains all information necessary for appli­
cation of Measure II plus additional information concerning 
revenues. 
Ranking by Measure III (Table 4) indicates that thin­
ning is a more flexible alternative than pruning. This re-
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54 
suit might be expected a priori since the effect of thinning 
is to shorten the rotation period and/or produce more wood 
volume. Any projection of future demand and prices would re­
cognize the value of having more of a commodity rather than 
less. 
Pruning, on the other hand, does not change the quan­
tity of the commodity produced so much as the quality of the 
commodity produced. An argument could be made that a commo­
dity of a higher quality would usually be worth more than one 
of a lesser quality. This is true only if the added quality 
receives added compensation. The difficulty with producing 
a high quality log (defined in terms of amount of clear sur­
face area visible on the unsawn log) is that often the buyer 
is not able to judge precisely how much high quality wood is 
contained within. A log 16 inches in diameter might look 
the same on the surface whether it had a 5, 6, or 7 inch 
knotty core. The cost differences in the pruning regimes 
which produced the different sized cores would not be compen­
sated by final selling price. The fact that Measure III de­
fines pruning as a less flexible alternative even with the 
assumption of added compensation indicates that pruning is 
a rather risky and inflexible venture. These comparisons are 
shown in Figure 9. 
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Figure 9. Comparison of returns from thinning and pruning black walnut and slash pine 
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Evaluation 
The three measures appear to be applicable for differ­
entiating flexibility among some silvicultural practices. 
These illustrations are limited, however, in that only one 
example of each practice was considered. A closer look at 
more alternative schemes would be indicated. 
Again the second measure using cost alone appears 
weakest. This measure has the effect of cancelling out the 
third measure when weighted equally. . Either this measure 
should be weighted quite low or, possibly, eliminated. The 
other two measures appear to differentiate flexibility well 
at this point. 
Stand Level Management Intensity 
The Decision Set 
The next lower level of decision making is the selec­
tion of the degree or intensity to which any silvicultural 
practice should be applied. Since it was indicated that 
thinning might be a relatively flexible silvicultural alter­
native, the next decision is the selection of the intensity 
of thinning in terms of residual basal area. 
This decision set of alternatives involves the man­
agement of a plantation of red pine. The decision maker has 
the choice of two thinning intensities and two management 
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schemes in terms of products to be produced. These are de­
tailed in Appendix D and are as follows: 
A. Grow red pine for cordwood and sawtimber jointly 
and thin to a residual basal area of 90 square 
feet per acre every 10 years. 
B. Grow, red pine for cordwood and sawtimber jointly 
and thin to a residual basal area of 120 square 
feet per acre every 10 years. 
C. Grow red pine for cordwood only and thin to a 
residual basal area of 90 square feet per acre 
every 10 years. 
D. Grow red pine for cordwood only and thin to a 
residual basal area of 120 square feet per acre 
every 10 years. 
Application of Measure I 
Application of Measure I to determine if one alter­
native is entirely contained within another indicates that, 
at this level, this measure may not be as significant as at 
higher levels. Figure 10 compares alternatives A and B. A 
is represented by the broken line from X to Z and B is repre­
sented by the solid line from X to Y. Both sets are defined 
in terms of residual basal area at a point in time. Since 
the optimum rotations are different (75 for A and 65 for B), 
the sets apparently overlap. If they each had the same ro­
tation (65), then alternative B could be defined as more 
flexible than alternative A by Measure I. At any point in 
time, alternative B would represent more basal area of timber 
available for sale (indicated by the 4 shaded areas in Figure 
H: 120 
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Schedule for thinning red pine to two residual basal areas, managing for 
cordwood and sawtimber 
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10) . As they are presented, however, no distinction can be 
made by Measure I. The same problem arises with alternatives 
C and D. 
It is possible, however, to distinguish between manag­
ing for joint products (A and B) and managing for a single 
product. Figure 11 illustrates alternatives A and C. A is 
represented by the solid line from M to 0. C is represented 
by the solid and broken line terminating at N. The set of C 
is entirely contained in the set of A indicating, by Measure 
I, that A is more flexible. Alternative B is more flexible 
than D for the same reason. The four alternatives are rank­
ed by Measure I in Table 5. 
Application of Measure II 
Comparing cost curves is not sufficient for defining 
the relative flexibility of the four alternatives presented. 
Each alternative has the same initial costs (Appendix D). The 
only variation is the discounted costs since the alternatives 
have slightly different rotation lengths. These costs are 
as follows: 
1. Alternative A, $77.53 
2. Alternative B, $77.28 
3. Alternative C, $77.28 
4. Alternative D, $76.85 
The other variation in costs is the per unit costs 
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Figure 11. Comparison of a thinning regime for sawtimber and cordwood, and a thinning 
 
regime for cordwood only, thinned to the same residual basal area 
Table 5. Summary of the flexibility rankings by each measure for investment in dif­
ferent thinning regimes of red pine. 
Alternative BA 
Products Ranking 
Cordwood and Sawtimber Cordwood Only I II III 
Sq. Ft. 
A. 90 
B. 120 
C. 90 ' 
D. 120 
X 
X 
X 
X 
1 
1 
2 
2 
1 
2 
3 
4 
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of thinning. These are not extractable from the information 
given, however, since these are presented in net terms. One 
might hypothesize that these would be almost the same for al­
ternatives of managing like products at the same plantation 
age. As the information has been presented, no attempt is 
made to rank alternatives by Measure II. 
Application of Measure III 
Measure III again emerges as the strongest measure. 
The present net worth land expectation values for each al­
ternative are as follows: 
1. Alternative A, $-30.86 
2. Alternative B, $-43.57 
3. Alternative C, $-64.59 
4. Alternative D, $-67.24 
This indicates that the alternatives may be ranked according 
to their flexibility by Measure III in the same order. This 
indicates that managing for joint products is more flexible 
than managing for single products. Also, that reducing the 
basal area to 90 square feet appears to be more flexible than 
reduction to only 120 square feet. This latter result can 
be explained in terms of the purpose of thinning. 
Thinning, as indicated earlier, has the effect of 
manipulating growth to shorten the rotation and/or increase 
the growth rate on the residual trees. This latter result 
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is more important in this case. Low residual basal areas tend 
to produce faster growth rates on residual trees than high 
residual basal areas- This means that the total basal area 
cut from a stand thinned to a low basal area is greater than 
that removed from a stand of high basal area. At any point 
in time, more timber will be cut and sold from stands thinned 
to a lower basal area. This higher yield is reflected in the 
differences of the present net worth values. 
This result is precisely the opposite of what might 
be intuitive. Flexibility can be viewed in terms of rever­
sible versus inreversible decisions. A decision to thin to 
a higher basal area is reversible in that at any later point 
in time, the decision can be reversed downward. This is not 
true, of course, for the alternative of thinning to a lower 
basal area. However, the resultant increased growth rate as 
a result of lower residual basal areas partially removes the 
inreversible characteristic since basal area would increase 
at a faster rate in these stands compared to others. This 
is indicated by the greater total amount of wood available 
for sale from these stands of lower basal area. 
Evaluation 
At this lowest level of decision making the measures 
of flexibility appear to distinguish alternatives. Measure 
I is of less significance in that fewer alternatives remain 
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from which the decision maker may choose. Measure II is not 
sufficient alone to differentiate flexibility since it tends 
to ignore the importance of investing in alternatives where 
the costs are higher, but the results are proportionately 
greater. 
Measure III appears strongest at this point. Thinning 
to a lower basal area would serve as a signal to the decision 
maker that higher returns might be expected. Such a signal 
is useful, even if the absolute differences in expectation 
are not known. This is a condition in which the decision 
maker's expertise serves as a substitute for detailed infor­
mation. Table 5 summarizes the flexibility rankings of this 
set. 
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A PARTIAL TEST OF THE FLEXIBILITY 
MEASURES BY SIMULATION 
The examples just presented were, as noted, hypothe­
tical in that no single firm would at any one time have all 
of the decision alternatives. These also were hypothetical 
because of data limitations. In order to better evaluate the 
three measures as a means of systematic evaluation of alter­
natives, they are tested against a decision problem in which 
the consequence of any action is actually determined. 
This test is made on management alternatives for a 
simulated black walnut plantation. This simulation is an ex­
pansion of the same example used previously as part of the 
set of the district level decision alternatives. In that 
example, the measures were applied to data generated in an 
earlier study (Ferell, 19 66). The limitations imposed by the 
data (i.e., no uncertainty in prices, growth rates, or losses) 
present difficulties for making reliable inferences as to the 
applicability of the measures to decision making. The addi­
tion of uncertainty to the decision problem allows for making 
such inferences. Testing the measures at this level is not 
ideal but is a compromise to take advantage of available 
data. 
An ideal test of the measures of flexibility would 
be one which is made for decision making at each of the four 
decision levels illustrated. A requirement for such a test 
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would be considerable data to describe the possible occur­
rence of future states of nature and the consequences of 
these on any decision action chosen. The test would also al­
low for re-examination of decision alternatives as informa-
; 
tion is generated. Such a tesf; could also be used to measure 
the degree to which flexibility would be necessary given any 
change in information. 
An example of a better test of the three measures, 
if information were available, would be that of evaluating 
a sequence or tree of decisions. At each decision point, data 
would be available as to the expected consequences of taking 
any alternative, the cost of taking any alternative, and the 
number of alternatives remaining after taking any alternative. 
The expected consequences would be determined by generating 
a probability of occurrence of any event which influences 
the ultimate payoff. At each succeeding decision point, e-
vents which have already occurred would be utilized to refine 
expectations. 
The test would be a comparison of decision criteria. 
At any decision point, rules for decision making would be es­
tablished for selecting among the alternatives. One rule 
would be concerned with applying the three measures of flexi­
bility. Each rule would be compared at each decision point 
to determine how well it guided the decision maker to that 
point. Such a test would better evaluate flexibility partie-
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ularly at those decision levels where uncertainty is greater. 
Another requirement for the test would be a means of 
data generation and analysis. If a simulation technique were 
used, this would have to be rather sophisticated. Such a 
simulation does not exist for forestry alternatives. 
This test, therefore, is a partial test. The lack 
of empirical data limits the extent to which the measures may 
be tested. The measures are compared as decision guides 
against maximization criteria of net present worth and inter­
nal rate of return. The general hypothesis tested is that 
the measures do guide the decision maker into selecting "good" 
alternatives as might be defined by a maximization objective. 
Testing Procedure 
Problem Formulation 
The test problem is formulated as an initial decision 
to select a management scheme for management of the planta­
tion through one rotation. As previously mentioned, data limi­
tations preclude evaluating a sequence of decisions. The 
decision maker has four alternative schemes available for 
managing his black walnut plantation. These are as follows: 
1. Do nothing. Put no labor or capital inputs into 
the plantation other than necessary protection 
and conversion costs. 
2. Thin. Plan a thinning regime requiring labor and 
capital inputs as well as protection and conver­
sion. 
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3. Prune. Plan a pruning regime requiring labor and 
capital inputs as well as protection and conver­
sion. 
4. Thin and Prune. Plan for both regimes. 
Problem simulation 
The consequences of taking the alternative actions 
are determined through simulation of the growth and yield of 
the plantation. The computer program used for the simulation 
is that of M^ers (1968) . This program was written for manage­
ment of ponderosa pine and modified for managing black walnut. 
The modification presented some difficulties which are dis­
cussed after a brief description of program MANAGD. 
Program MANAGD consists of a main program and 11 sub­
routine subprograms. The program has the capability of simu­
lating several groupings of alternatives for different yield 
tables, stumpage prices, age class distributions, areas plan­
ted, and annual cut limitations. The main program calls 10 
subroutines in sequence and uses counter UK to call an 
eleventh subroutine (OUTPUT1) at specified intervals. The 
first four subroutines read the data deck, compute and print 
a yield table and print potential volumes per acre at each 
year of stand age. A fifth subroutine generates a working 
circle with the specified number of acres in each age class. 
The next two subroutines provide for stand growth, thinnings, 
harvests, losses, and other changes in volume and value. 
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The remaining subroutines produce a record of results. 
Briefly, each subroutine performs the following 
operations : 
1. INPUTl. Reads values for the simulation. Those 
include stumpage prices, minimum commercial vol­
umes, and items used to compute a yield table. 
2. YIELD. Reads four tables and computes and prints 
yield tables for managed, even-aged stands. This 
subroutine computes average stand diameter and 
number of trees per acre before thinning. These 
figures are used to compute subsequent variables 
for computation of stand volume. Within this sub­
routine is generated a pseudo-random number which 
allows variability in the growth equations. It 
is within this subroutine that the major program 
modifications for conversion from management of 
ponderosa pine to management of black walnut were 
made. 
3. ANVOL. Computes volume per acre for each year 
from initial thinning to maximum stand age. 
4. INPUT2. Reads in values of variables what may 
change for different simulations. This data in­
cludes area of the working circle, distribution 
of area by age classes, non-stocked area, and 
number of acres planted annually. Various costs 
and their rate of change are also entered. 
5. AREAS. Computes volume and area distributions 
at the end of the year before simulation begins. 
6. YEARS. Called each year of the simulation to in­
dicate changes in volume and value produced by 
tree growth, cutting, and other events. A second 
pseudo-random number is generated within this sub­
routine to describe acres destroyed. 
7. OUTPUTl. Prints numbers of acres by 1-year and 
10-year stand age classes. 
8. ANUAL. Called each year to compute volume, area, 
or money totals and store them. 
9. 0UTPUT2." Prints the results of each year of the 
simulation. 
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10. WORTH. Discounts all costs incurred and all 
income received. 
11. SUMRY. Optional subroutine to summarize the re­
sults. 
Several modifications are made in program MANAGD for 
the specific requirements of this test. Program MANAGD has 
no routine for simulating pruning of trees. This simulation 
was added by inserting additional costs in the management 
scheme and by the use of different stumpage price schedules. 
Price uncertainty is generated by a separate subroutine which 
selects a price from a normal distribution. Uncertainty in 
tree growth rates and losses is generated by the original pro­
gram. The program also had to be modified before it was com­
patible with a new computer and compatible for a new species. 
This latter problem presented the most difficulty. 
The principal requirement of a simulation of forest 
growth and management is an expression of the growth of the 
stand under varying situations. This is of particular impor­
tance for determining the response of the stand to any silvi-
cultural decision. Program MANAGD was written for the growth 
of ponderosa pine, a coniferous species usually growing in 
pure stands with predictable variability within the stands. 
The test was made on black walnut, a deciduous species, sel­
dom found in pure stands and subject to considerable varia­
bility among individual trees. The differences in the two 
species were particularly apparent during the modification. 
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Myers wrote program MANAGO from raw data collected 
from managed stands of ponderosa pine. As a result, his sim­
ulation was specific to management of the species and his own 
logic. The black walnut modification was based on smoothed 
data from Kellogg (1937) and Ferell (1966). This data was 
not from managed stands, but was modified to describe managed 
stands. The differences in management definitions and logic 
produced procedural gaps not readily apparent from reading 
the original program. Consequently, the simulated stands of 
the modified program cannot be compared to actual stands. 
This is an information gap which is in the process of being 
filled through concurrent research. 
Apparent Results 
The test of the measures of flexibility as decision 
criteria is how well they compare to other decision criteria. 
Program MANAGD computes the outcomes or consequences of a 
management alternative by simulating the occurrence of an ex­
ogenous event and determining its influence on the outcome. 
The computations are, therefore, as if all events had occurred 
with certainty. Two certainty criteria, present net worth and 
internal rate of return, are computed to differentiate manage­
ment alternatives. The measures are tested as decision guides 
against these two criteria. 
The previous illustrations indicated that a manage-
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ment decision at this level to both thin and prune is a flex­
ible alternative. The same management alternative appears 
to be "best" using either of the two certainty criteria 
(Table 6). This indicates to some degree that the decision 
maker could have chosen the best alternative guided solely 
by the three measures of flexibility. Also, the test indica­
tes that the alternative to do nothing is the worst (again 
comparable as least flexible). For the other two alternatives 
there is an inconsistency with the previous set of examples. 
The test indicates that pruning black walnut is a 
better decision alternative than thinning black walnut. This 
is the opposite of the previous results. This is explained 
to some extent by comparing the primary determinants of reve­
nue—total volume and selling price (Table 7). 
Total volume growth would not fluctuate very much 
around a mean growth. Prices, however, could fluctuate widely 
since these are influenced by exogenous factors. Table 7 in­
dicates that, on the average, the stumpage prices for pruning 
were higher than those for thinning. This is also true for 
the total volumes. As noted earlier, pruning alters the quali­
ty of the tree, and if the added quality is compensated, prun­
ing is a good investment alternative. The fact that the 
volumes are low in the thinning alternative might also indi­
cate a weakness in the simulated thinning routine in the pro­
gram- Some examples of the computer output are in Appendix E. 
Table 6. Total present net worth and internal rate of return for a 100-acre black 
walnut plantation, age 75, by management alternative 
Present Net Worth 
Management High Average Low Average Internal 
Alternative Rate of Return 
$ $ $ % 
Do Nothing 1,696,960.00 1,254,012.60 755,615.00 9.5 
Thin 1,644,310.00 1,309,802.40 893,365.00 9.9 
Prune 2,567,949.00 1,780,336.20 942,818.00 10.2 
Thin and prune 3,953,433.00 2,067,703.60 1,150,648.00 >10.5 
Table 7. Stumpage prices and total volumes for a 100-acre black walnut plantation, 
age 75/ by management alternative 
Stumpage Prices Total Volumes 
Management 
Alternative 
High Average Low High Average Low 
$ $ $ MBF MBF MBF 
Do Nothing 1,047.52 780.72 503.35 1802 1768 1726 
Thin 1,031.89 835.77 580.48 1787 1738 1694 
Prune 1,495.19 1,087.92 622 .48 1802 1741 1708 
Thin and Prune 2,521.42 1,317.98 700.00 1801 1738 1694 
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Test Limitations 
The major limitations of the test are that it does 
not adequately evaluate the consequences of the decision al­
ternatives and that the flexibility measures are tested only 
against certainty decision criteria. The first limitation 
arises from the operation of the program itself. The second 
arises from inadequate data. 
The programmers experienced considerable difficulty 
in modifying the program for management other than that for 
which it had been intended. This was particularly true in 
setting up the thinning versus non-thinning alternatives. 
The resultant growth formulas in the thinning alternatives 
are probably lower than what they should be. This is par-
y 
tially evident from the volumes presented in Table 7. In­
tuitively, more timber volume should be available from thin­
ning alternatives since these would, at least, salvage mater­
ial which would be probably destroyed or lost. This is not 
reflected in the program. 
These problems of modification, therefore, limited 
the number of alternatives evaluated. A more complete test 
would have involved several alternative thinning and pruning 
possibilities. The four alternatives evaluated are only the 
minimum necessary for comparison. 
The second limitation is more critical in terms of 
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the applicability of the measures. The comparison of the 
measures as criteria for decision making under uncertainty 
with criteria for decision making under certainty is quite 
limited. As noted previously, a more ideal test would have 
tested the measures against other criteria as well. As they 
are applied in this test, however, the three measures only 
indicate a decision was good a certain state of nature oc­
curred. They cannot be inferred to situations where something 
planned did not occur. They should be evaluated, therefore, 
against trends rather than random occurrences. For example, 
if at year 50, price trends are falling faster than expected, 
the decision should be altered. The test is limited, there­
fore, to evaluating only pre-planned decisions. 
Effects of the Limitations 
The primary effect of any limitations in the testing 
process is an inadequate determination of the applicability 
of the measures to decision making. Enough has been shown, 
however, to indicate that the measures do have application 
in the decision matrix of a decision maker. While not com­
pletely tested, the results do indicate that decision rules 
other than those more commonly in use have application. Flexi­
bility can be quantified as a decision criterion. 
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ANALYSIS AND RECOMMEND AT ION-'^  
The stated objective of this study was the develop­
ment of operationally useful definitions and measures of flex­
ibility for use in forest management décisions. Flexibility 
is useful to a decision maker for situations in which he must 
make decisions with little relevant information (high uncer­
tainty) and in which information would be available before a 
final decision must be made. Flexibility is presented, there­
fore, as a means of making interim decisions. 
In order to derive a useful definition, three mea­
sures were proposed for ranking the flexibility of alterna­
tives. These were: 
1. Comparing the subsequent decision sets arising 
from initial decision alternatives to determine 
those sets which contained other sets as subsets. 
2. Comparing the relative cost curves of taking a 
sequence of decisions to determine which curves 
were more shallow and approximately optimal over 
a wider range of subsequent decisions. 
3. Comparing the relative expected net returns from 
taking initial actions given a signal as to the 
possible outcome to determine which were more 
profitable over a wider range of subsequent de­
cisions. 
These measures were applied to hypothetical forest 
management decisions in order to determine if they could be 
used to describe flexible alternatives. These decisions were 
described at four levels of forest management. At each level, 
the measures of flexibility were evaluated. 
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Analysis of the Measures 
Measure I 
Measure I is the simplest measure to apply and re­
quires the least information for application. The decision 
maker is required to know only what alternative decision se­
quences are available to him. Those alternatives which can 
be determined to be subsets of other alternatives are ranked 
as less flexible. When this is not possible, however. Mea­
sure I is not a sufficient measure of flexibility. 
This measure appears to be a better measure of flexi­
bility at higher levels of decision making. These decision 
levels are usually characterized by a large number of alter­
natives and a high degree of uncertainty or, conversely, very 
little relevant information as to outcomes. As the decision 
level decreases, alternatives become fewer and more informa­
tion becomes available. Consequently,' this measure is less 
effective for making differentiations. 
Measure I is limited in that it does not differenti­
ate among alternative decision sets which contain overlapping 
elements. Also, when the decision maker cannot determine if 
one alternative is a subset of another, no differentiation 
can be made with this measure. As a first approximation, 
however, Measure I is useful for ranking the flexibility of 
some alternatives. 
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As presented in the examples. Measure I is proxied 
by single, irreversible alternatives. This does limit the 
inferences which can be made as to the applicability of this 
measure as a decision guide. A better inference can be made 
if decisions were presented as being reversible. The proxy 
is defensible in that it compares the size of the decision 
sets at comparable time periods. From this, some indication 
as to the applicability of the measure can be made. 
Measure II 
This measure appears to be the weakest for ranking 
the flexibility of alternatives. Only in the first decision 
set did the measure agree with the other two measures with 
any degree of consistency. • This set of examples was also 
based on the least empirical information and, therefore, 
would be least realistic in terms of actual costs. This 
would tend to indicate that this measure should be used only 
when weighted in combination with another measure. At the 
lower decision levels, this measure ranked alternatives in 
almost the reverse order of the other two. 
These results would indicate either that the measure 
is not a very good measure of flexibility or that the illus­
trations used were inadequate to describe the potential of 
cost as a measure of flexibility. The latter is probably a 
better explanation since the examples could not adequately 
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measure costs of taking decision sequences. The cost of 
each alternative is presented as a single cost at a point in 
time given that a certain decision has been made. For ex­
ample, the cost of alternative E in the company level deci­
sion set is the cost at a point in time given that the de­
cision has been made to undertake all five investment ven­
tures. A better test of Measure II would be to take alterna­
tive D in the same set and, at a later point in time, make 
the decision to undertake the additional investment in new 
consumer products. This, then, would make alternatives D 
and E more comparable in terms of the cost of delaying invest­
ment in new consumer products as opposed to an early deci­
sion to invest in these products. This is probably the major 
limitation of the illustrations with regard to Measure II. 
Even with this limitation. Measure II appears to be 
a progressively weaker measure at lower levels of decision 
making. The cost of management on better sites of any spe­
cies, for example, is usually greater than the cost of com­
parable management on lesser sites. This results from the 
fact that vegetation to be removed is usually more dense, 
costs are incurred earlier, and per unit costs are higher. 
Measure II alone is not satisfactory for making comparisons 
between sites because the net return to investment is usually 
much higher on better sites. Therefore, cost alone is not 
a sufficient measure unless the decision maker makes a 
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priori assumptions about the expected return from the cost 
investments. This is an implicit application of Measure III 
rather than Measure II. 
Measure III 
If the information is available to the decision maker. 
Measure III is the strongest measure of flexibility. This 
measure requires more information for application than the 
other two. This additional information can take the form of 
a subjective or objective probability distribution as to the 
occurrence of future events or a "rule of thumb" signal which 
determines the relative flexibility of alternatives. 
Measure III compares the expected profitability of 
taking an initial action and a "signal" as to the states of 
nature at the time of payoff with any other initial action 
and signal. This measure has some of the characteristics of 
more conventional decision making techniques for making de­
cisions under uncertainty. All of the decision making tech­
niques described previously used a cardinally determined 
signal of some kind. For example, the maximin criterion used 
the cardinally determined value of the minimum payoff for 
each decision alternative to choose among alternatives, while 
the minimax-risk criterion used the maximum "regret" as the 
decision signal. Even with the addition of information on 
the probability of occurrence of future events, the result 
is a single cardinal value defined as "expected return". One 
result of applying Measure III to the forestry examples is 
the indication that the signal does not necessarily have to 
be described cardinally. Measure III, therefore, has some 
of the characteristics of conventional decision making tech­
niques under uncertainty, but is not restricted to them. 
It should also be notsd that Measure III has an ad­
vantage over Measure II in that it is applied at the initial 
decision point. All the decision maker is required to know 
is his initial alternative set and the signal set. To apply 
Measure II, he must know the initial decision set and the 
cost oz taking all subsequent actions. This requires that 
he know what his subsequent actions will be. In terms of 
flexibility, both Measure III allow him to postpone subse­
quent decisions until they must be made. 
Conclusions 
Application of the three measures to hypothetical 
forest management problems indicates that they can be used 
to evaluate the flexibility of decision alternatives. None 
alone is sufficient to completely rank a number of alterna­
tives. The results would appear to indicate that some weight­
ing of the measures would be necessary before they can be 
used operationally. 
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Management Flexibility Redefined and Evaluated 
A management situation is flexible, therefore, if 
there exist numerous decision alternatives once an initial 
decision is made, the expected costs of taking these alter­
natives are relatively low and/or the expected net returns 
are relatively high. To compare the relative flexibility of 
sets of decision alternatives, the decision maker.must speci­
fy his initial decision set and the set of subsequent deci­
sions. The relative flexibility of the sets may be determined 
to some degree through the following procedure: 
1- Compare the total sets initially to determine if 
any are subsets. 
2. Determine if there are any signals as to the ex­
pected return to any alternative set. Some sug­
gested signals are the following: 
a. Flexible alternatives are those which pro­
duce a variety of products. 
b. Flexible alternatives are those which pro­
duce products more frequently. 
c. Forest practices which influence quantity 
rather than quality are flexible practices. 
3. Compare the expected cost of taking a sequence 
of decisions. 
The result of evaluating a set of decision alterna­
tives by this procedure is a decision which is, to some de­
gree, adaptable to circumstances and invulnerable to adverse 
exogenous influences. The evaluation should be repeated at 
successive decision points and available information utilized. 
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The utility of flexibility for decision making is 
not that it replaces any sophisticated decision criteria, 
but that it provides the decision maker with more information 
with which to make decisions. The future for any individual 
decision maker will always be uncertain. The rewards of 
gambling and "playing the odds", however determined, are too 
often offset by the impossibility of recovering from losses. 
The successful decision maker is the one who uses information, 
but, more importantly, retains the ability to stay in the 
"game". 
Recommendations for Further Study 
The problem in forest management still remains that 
of making decisions in an uncertain environment. This study 
has been a rather cautious first step into the consideration 
of flexibility as one possible decision criterion. Much re­
finement needs to be made before flexibility can become an 
operational criterion. Further study should be made to test 
the sufficiency of the three iTteasures evaluated. 
A first step toward further refinement of the mea^  
sures would be an evaluation of all three measures on deci­
sions made in sequence rather than on single-decision alter­
natives as was done in this study. This would involve the 
specification of decision rules for decision strategies 
given the occurrence of exogenous events at points along 
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the decision sequence. Each measure would be tested as to 
how well it guided decision making to the selection of "good" 
alternatives. In this manner, a better determination of the 
applicability of these measures to forest management could 
be made. 
In addition to refining the three measures proposed, 
other measures should be sought. The sequential nature of 
forest management decision making suggests one possibility. 
Decisions made early in a decision sequence influence the de­
cisions which can be made later in the sequence. One possi­
ble measure might be a specification of the effect of early 
decisions on later ones. This might be measured by the num­
ber of alternatives remaining after the decision is made. 
In order to better evaluate flexibility as a comple­
ment to other decision criteria, a study should be made of 
the relationship between flexibility and information. As in­
formation becomes available, the need for flexibility de­
creases. This relationship should be further quantified in 
order for a decision maker to rationally choose among deci­
sion criteria. 
The further quantification of flexibility should be 
given a priority in future research. No single decision cri­
terion is sufficient to guide decision making under uncertainty. 
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"It may seem to some that we have as 
yet no systematic knowledge at all of the pro­
cess of decision-making, except for a few rudi­
mentary decisions—and especially of the busi­
ness decisions, whose study was the first ex­
cuse for our theorising. If this is true, the 
basis of our theories is our imperfect under­
standing of what goes on in our minds, aided 
by our sense of the beauty and fitness of the 
completed theoretical structure," (Carter, 1957, 
p. 142). 
Flexibility offers a different approach to an old problem. 
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APPENDIX A 
The suggestion for the investment ventures and, sub­
sequently, the set of decision alternatives came from the 
Annual Report of a major wood using firm and an article in 
Fortune magazine concerning the same firm. All information 
available from these two sources was used. It was not suffi­
cient, however, to establish complete estimates of costs and 
returns. Where necessary, these have been synthesized in 
order to indicate how they may be used in conjunction with 
the prescribed measures of flexibility. 
The Investment Ventures 
Expand current capacity 
This venture presumes that the company will continue 
to rely upon its current products for the bulk of its expec­
ted future incomes. Over a 10-year horizon, this reliance is 
not expected to fall below 70 percent of the total income. 
Because of this, all investment alternatives include this in­
vestment venture in varying percentages. The expected re­
turn from this investment is 8.6% on capital assets (average 
from Table 8). The total cost to the parent firm as determined 
by total revenue less net return over the past 10-year period 
(Table 8) is assumed to be linear on years and is expressed 
as 
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Table 8. Summary of information from annual report of parent 
company 
Total Net Return 
Total Net Cost Capital to 
Year Revenue Earnings (R-NE) Assets Capital Assets 
$ Million $ Million $ Million $ Million % 
1958 915 72 843 770 9.4 
1959 1,030 84 946 814 10.3 
1960 1,013 72 941 844 8.5 
1961 1,045 72 973 872 8.3 
1962 1,096 67 1,029 897 7.5 
1963 1,148 70 1,078 926 7.6 
1964 1,250 82 1,168 958 8.6 
1965 1,309 89 1,220 996 8.9 
1966 1,455 106 1,349 1,055 10.0 
1967 1,421 90 1,331 1,091 8.2 
1968 1,562 100 1,462 1,141 8.8 
C(Millions of Dollars) = -114734.44 + 59.02(Year) 
For the next 10-year period, the slope of the cost curve is 
assumed to be the same. The intercept will vary as the per­
centages of capital invested in this venture changes. 
Invest in non-woven fabrics 
This venture represents an investment in a new, untried 
market. Initially, the parent firm will spend $16,000,000 for 
a plant to produce the non-woven fabrics. No estimates of sub­
sequent costs or even expected returns were given. Since this 
is a new market, the uncertainty around the estimates of costs 
and returns would be very great. A cost curve is hypothesized 
and a return to capital of approximately 12 percent is ar­
bitrarily selected for illustration only. 
Invest in a specialty firm 
This investment is assumed to be undertaken specifi­
cally to insure the marketing of the non-woven fabrics• This 
venture would not be undertaken unless an investment in the 
manufacture of the fabrics was first undertaken. This firm 
is established in an industry with an estimated total market 
for products of $260,000/000 in 1975. The parent firm ini­
tially pays $98,500,000 for the firm and spends $10,000,000 
over a three year period for conversion to utilize the non-
woven fabrics. Assuming that 30% of the total market for non-
woven specialty products will be captured by the firm, this 
indicates a total expected revenue of $78,000,000. Deducting 
for capital costs and income taxes leaves an expected return 
to capital of approximately 12 percent. 
Invest in a real-estate firm 
This investment is the purchase of a real-estate firm 
specializing in the development of recreational land. This is 
an established firm in an established, rising market. Initial­
ly, the parent company will pay $12,000,000 for the firm and 
a bonus of $4,000,000 in 3 years if a specified level of sales 
is reached. The firm earned $2,000,000 on $16,000,000 in sales 
the previous year. The parent company expects to withdraw 
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land from timber use which is valued at fair market value 
(say $500 an acre). This land is developed by the real-estate 
subsidiary and sold. From the sale, the parent firm expects 
to realize a profit of $360 per acre which is then taxed at 
the capital-gains rate. Assuming that this expectation is 
correct, this would return the firm an after-tax profit of 
50%. While this seems a rather high figure, it will serve 
for the purpose of illustration. 
Inves t in new consumer products 
This venture represents an investment in new consumer 
products in an established market. These new products repre­
sent new uses for many of the present inputs. Initially, 
the firm will spend $45,000,000 for new capital equipment. 
A profit of 10% is arbitrarily selected for illustration. 
The cost curves for each venture are represented in 
Figure 12. These curves are realistic to the extent that all 
initial points are determined from information in the Fortune 
article. The shape and relative position represent only a 
priori estimates and are for illustration only. 
Percentages of Capital Expenditures for 
each Decision Alternative at Full Production 
Decision Alternative 
A. 100% in Conventional Wood Products 
% Return 
8 . 6  
150 
z 100 
X^NON- WOVENS 
REAL- ESTATE 
1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 • 
PLANNING HORIZON (YEARS) 
Figure 12. Hypothetical costs for each year for each investment venture 
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Decision Alternative % Return 
B. 95% in Conventional Wood Products 8 .6 
5% in Non-woven Fabrics 12 .0 
C. 85% in Conventional Wood Products 8 .6 
5% in Non-woven Fabrics 12 .0 
10% in Specialty Firm for marketing Non-wovens 12 .0 
D. 80% in Conventional Wood Products 8 -6 
5% in Non-woven Fabrics 12 .0 
10% in Specialty Firm for marketing Non-wovens 12 .0 
5% in Real-estate Firm 50 .0 
E. 70% in Conventional Wood Products 8 .6 
5% in Non-woven Fabrics 12 .0 
10% in Specialty Firm for marketing Non-wovens 12 .0 
5% in Real-estate Firm 50 .0 
10% in New Products 10 .0 
F. 90% in Conventional Wood Products 8 .6 
5% in Non-woven Fabrics 12 .0 
5% in Real-estate Firm 50 .0 
G. 85% in Conventional Wood Products 8 .6 
5% in Non-woven Fabrics 12 .0 
10% in New Products 10 .0 
H. 75% in Conventional Wood Products 8 .6 
5% in Non-woven Fabrics 12 .0 
10% in Specialty Firm for marketing Non-woven 12 .0 
10% in New Products 10 .0 
I. 95% in Conventional Wood Products 8 .6 
5% in Real-estate Firm 50 .0 
J. 85% in Conventional Wood Products 8 .6 
5% in Real-estate Firm 50 .0 
10% in New Products 10 .0 
K. 90% in Conventional Wood Products 8 .6 
10% in New Products 10 .0 
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APPENDIX B 
A direct comparison between species is possible only 
if they are managed in a similar manner. The species to be 
used in this example are quite far apart in all respects. 
In order to reduce the differences, the following principal 
assumptions apply to both: 
1. Only plantation management will be considered. 
2. Original spacing for each will be the same (10 
feet) so that the same number of trees are 
initially considered (436 per acre). 
3. All costs and revenues will be discounted at a 
rate of 5 percent and are computed on a per 
acre basis. 
4. The plantations will be treated to both thinning 
and pruning. 
Black Walnut 
Costs 
The assumptions of costs are those used in ity Master 
of Science thesis (Ferell, 1966). The plantation is estab­
lished with 436 trees per acre and these are reduced through 
mortality and thinning to a residual stand of 60 trees at age 
70 for site class 80 and a residual stand of 73 trees at age 
85 for site class 60. These costs are summarized in Table 
9 and Figure 13. 
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Table 9. Summary of per acre costs for managing a black 
walnut plantation by site class. 
Site Class 
80  60  
Cost Item Cost Year Incurred Cost Year Incurred 
$ Age $ Age 
Planting 6. 98 0 6, .98 0 
Weed Control (1) 10 .00 0 10 o
 
o
 
0 
(2) 10 .00 1 10, .00 1 
Thinning (1) 24, .57 25 23, .78 30 
(2) 51, .55 35 48, .19 44 
(3)268, .02 51 169. 44 62 
Pruning (1) 10. 50 8 10, .75 11 
(2) 6. 80 14 8, .31 20 
(3) 11. 47 21 13. 54 33 
(4) 10. 59 31 — — 
Annual Costs 1. 25 1. 25 
Conversion 1017. 00 70 994. 26 85 
Revenues 
The basic assumptions concerning growth and develop­
ment of the plantation are the same as in the previous study. 
The revenues have been updated by using a more recent price 
list from the same firm which supplied prices used in the ori­
ginal study. All revenues are assumed to be constant through­
out the rotation. Some of the total expected revenues are 
summarized in Table 10 and Figure 13. 
80 REVENUE (A 800 
oc 600 
k 400 
SI 60 REVENUE 
t 200 
SI 80 COST 
SI 60 COST 
-200 
0 10 20 30 40 50 60 70 100 80 90 
PLANTATION AGE (YEARS) 
Figure 13. Discounted costs and revenues for black walnut plantations on two sites 
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Table 10. Expected total revenues at selected points in time 
for black walnut plantations of site class 80 and 
60 
Site Class 
80 60 
Revenue Year Year 
Item Revenue Received Revenue Received 
$ Age $ Age 
Thinning 1,443.78 51 391.68 62 
Harvesting 501.84* 40 987.36* 62 
3,664.98* 51 10,009.76 80 
6,256.80* 56 15,360.66 85 
11,497.20 63 17,584.97 88 
16,708.80 67 20,604.98 95 
21,770.40 70 — 
23,671.20 72 — 
*No thinning revenues added. 
Slash Pine 
Costs 
The assumptions of costs are taken from various 
authors in Wahlenberg (1965). The plantation is established 
with 436 trees per acre and reduced through thinning and mor­
tality to 130 trees at harvest. Each thinning removes one-
third of the basal area in a selection thinning. Thinning 
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is assumed to increase the growth rate 10 percent over what 
it would have been if thinning had not been performed. Prun­
ing is done on only the 130 crop trees and the cost is a total 
of 10 cents per tree. The amount of timber removed at a point 
in time is based upon the growth of an unmanaged stand as il­
lustrated in Figure 14. Table 11 represents one possible 
cutting schedule and the one assumed for this study. Costs 
are summarized in Table 12 and illustrated in Figure 15. 
Revenues 
The revenues, as with black walnut, are delivered 
revenues. These were taken as approximations from current 
information (Hair and Ulrich, 1969) Cordwood is assumed to 
be $16.00 per cord, f.o.b. car, and sawtimber is $64.00 per 
MBF, f.o.b. mill. The expected returns from the plantations 
are summarized in Table 13 and Figure 15. 
s 1-8 
60 
SI-70 
50 
SI-60 40 
o 
oc 
8 
20 
0 10 20 30 40 50 
AGE OF STAND (YEARS) 
Figure .14. Cordwood production by site index for unmanaged slash pine plantation 
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Table 11. Assumed cordwood and sawtimber volumes cut and 
left at each thinning and at final harvest by site 
index 
Site Index 
80 70 60 
Cords MBF Cords MBF Cords MBF 
First Thinning 
Total 42.0 37.6 30.0 
Cut 14.0 12.5 10.0 
Left 28.0 25.1 20.0 
Second Thinning 
Total 48.0 38.4 29 .5 
Cut 16.0 12.8 10.0 
Left 32.0 25.6 19.5 
Harvest 3.0 13.0* 2.0 10.3* 1.5 7.7* 
*Converted at 3 cords per MBF. 
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Table 12- Summary of costs for managing a slash pine plan­
tation by site class 
Site Class 
80 70 60 
Cost 
Item Cost 
Year 
Incurred Cost 
Year 
Incurred Cost 
Year 
Incurred 
$ Age $ Age $ Age 
Planting 4.05 0 4.05 0 4.05 0 
Site 
Preparation 15.00 0 15.00 0 15.00 0 
Thinning* (1) 52.50 19 46.88 23 37.50 27 
(2) 60.00 30 48 .00 35 37.50 40 
Pruning (1) 6.50 7 6.50 . 10 6.50 13 
(2) 6.50 12 6.50 17 6.50 22 
Annual 
Costs 1.25 1.25 1.25 
Conversion 157.50 40 123.75 45 91.88 50 
*3 man-hours per cord @ $1.25 per hour. 
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Table 13. Expected returns from slash pine plantations by 
site index 
Site Index 
80 70 60 
Item Return Year Return Year Return Year 
$ Age $ Age $ Age 
Thinning 224.00 19 200.00 23 160.00 27 
Thinning 256.00 30 204.80 35 160.00 40 
Harvest 880.00 40 691.20 45 516.80 50 
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APPENDIX C 
The primary assumptions of this set of alternatives 
are the same as for the set of alternatives described in Ap­
pendix B. These are: 
1. Plantation management. 
2. Initial spacing of 10 feet by 10 feet. 
3. Revenues and costs computed on a per acre 
basis and discounted at a 5 percent rate. 
In addition, only one site index will be considered for each 
species, site index 80 in both cases. Only one thinning re­
gime and only one pruning regime will be considered for each 
species. These regimes are not to be considered as optimum, 
but only illustrations of ones which are possible. 
Costs 
The source of the costs is the same as before. These 
were presented in Appendix B and are again summarized in Table 
14. Figure 16 illustrates these costs for black walnut and 
Figure 17 illustrates these for slash pine. 
Revenues 
The revenues from black walnut are based upon the 
same assumptions as before. One commercial thinning at age 
51. This revenue is not included in harvests within 10 years 
under the assumption that this thinning would not have been 
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Table 14. Summary of per acre costs for managing plantations 
of black walnut and slash pine of site index 80 
Black Walnut Slash Pine 
Year Year 
Cost Item Cost Incurred Cost Incurred 
$ Age $ Age 
Planting 6 .  98 0 4 m 
o
 0 
Weed Control (1) 10, .00 0 15 o o 0 
(Site 
Preparation) (2) 10, .00 1 — • — — 
Thinning (1) 24, .57 25 52 .50 19 
(2) 51, .55 35 60, .00 30 
(3) 268 .02 51 — - — 
Pruning (1) 10. 50 8 6, .50 7 
(2) 56. 80 14 6, .50 12 
(3) 11. 47 21 — — -
(4) 10. 59 31 — 
Annual Costs 1. 25 - 1, .25 -
Conversion at (A) 1,017, .00 70 (E) 157. 50 40 
Harvest by (B) 1,017. 00 70 (F) 157. 50 40 
Alternative (C) • 603. ,00 70 (G) 244. 50 40 
(D) 603. ,00 70 (H) 244. 50 40 
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Figure 16. Discounted costs and revenues of black walnut management schemes 
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done. Pruning is assumed to raise log grades approximately 
2 grades over what it would have been with comparable man­
agement without pruning. These revenues are summarized in 
Table 15 and illustrated in Figure 16. 
The revenues for pine are based upon the assumption 
that, where possible, sawtimber will be sold rather than 
pulpwood. The prices are as assumed in Appendix B. Cordwood 
is $16.00 per cord, delivered and sawtimber is $64.00 per 
MBF, delivered. Pruning is assumed to increase the value of 
sawtimber $30.00 per MBF. Table 17 summarizes some of the 
expected total revenues by management scheme. No pruned 
trees would be removed by thinning. The revenues in Table 
17 are based upon the expected volumes indicated in Table 16. 
Figure 17 illustrates the expected revenues at selected ages. 
Table 15. Expected total revenues per acre for each decision alternative for in­
vestment in a black walnut plantation at selected ages 
Alternative 
A B C D 
Revenue Age Age Age 
Item Revenue Rec. Revenue Rec. Revenue Rec. Revenue Age 
$ Yrs. $ Yrs. $ Yrs. $ Yrs 
Thinning 1,443.78 51 1,443.78 51 - - - -
Harvesting 501.84* 40 3,271.44* 51 3,168.00 65 1,255.28 60 
3,664.90* 51 4,791.60* 55 5,127.30 70 1,436.16 65 
6,256.80* 56 5,993.40 63 5,464.20 75 1,517.08 68 
11,497.20 63 8,884.80 67 5,571.08 80 3,169.80 70 
16,708.80 67 9,823.80 70 - - 3,311.28 75 
21,770.40 70 - - - - — 
23,671.20 72 - - - - - — 
*Thinning revenues not to be added. 
Table 16. Total yields per acre of slash pine plantations at selected ages by 
management scheme 
E & F G & H 
Yields Yields 
Type of All as All as 
Age cut Cordwood Multiple Products Cordwood Multiple Products 
Cds. Cds . MBF Cds . Cds . MBF 
19 Harvest 42.0 31.5 3.5 42.0 31.5 3.5 
Thinning 14.0 10.5 1.2 — — — 
30 Harvest 48.0 28.8 6.4 59.0 26.6 10 .8 
Thinning 16.0 9.6 2.1 - - -
40 Harvest 42 .0 30.0 13.0 65.2 19.6 15.2 
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Table 17. Expected total revenues per acre from plantation 
management of slash pine by different management 
schemes 
Management Scheme 
Revenue Item Age E F G H 
Yrs. i 5 $ $ $ 
Harvest 19 833 .00 728. 00 833. 00 728. 00 
Thinning 19 244 .80 244, .80 — - — -
Harvest 30 1,062 .40 870, .40 1,440. 
O
 
00 
1,116. 80 
Thinning 30 288 .00 288, .00 
Harvest 40 1,270, .00 880. 00 1,742. 40 
KO 00 CM r-j 
.40 
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APPENDIX D 
All information for the red pine plantations is from 
Lundgren (1965, 1966). The plantations are assumed to be 
thinned at age 25. At that time the basal area per acre is 
150 square feet on 800 trees. The costs and revenues are dis­
counted at a 5 percent rate. All plantations are grown on 
site index 60. 
Costs 
The costs per acre are those assumed by Lundgren and 
are as follows: 
1. Land cost, $10.00 
2. Establishment, $50.00 
3. Release at age 3, $7.00 
4. Pruning at age 25, $20.00 
5. Annual costs, $0.30 
No thinning costs are presented since all thinnings are com­
mercial. These are included in the expectation value index 
which represents net values. 
Revenues 
The revenues for this decision set will be stumpage 
revenues. Cordwood is presumed to sell for $2.00 per cord, 
and sawtimber is $20.00 per MBF. The revenue data is pre­
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sented as expectation value indexes by rate of discount, 
basal area at age 25, and number of trees per acre at age 
25. The expectation value indexes for this example are as 
follows : 
1. Alternative A, Cordwood 4.33 
Sawtimber 1.94 
Rotation 75 years. 
2. Alternative B, Cordwood 4.47 
Sawtimber 1.33 
Rotation 65 years 
3. Alternative C, Cordwood 7.70 
Rotation 65 years 
4. Alternative D, Cordwood 7.10 
Rotation 55 years 
The expectation value index represents the present 
discounted net value for 1 unit of the product being con­
sidered. For example, assuming stumpage prices of $2.00 
and $20.00 for cordwood and sawtimber respectively, the 
total discounted value for the plantation for one rotation 
for Alternative A. is 
4.33($2.00) + 1.94{$20.00) = $47.46 
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APPENDIX E 
The black walnut simulation is modified from Myers 
(1968). This modification involved changing elements in 
several of the routines to simulate differences in growth 
and management. Four alternatives are considered: 
1. No thinning or pruning 
2. Thinning 
3. Pruning 
4. Both thinning and pruning 
Each alternative was iterated five times to deter­
mine the present net worths and internal rates of return 
under varying stumpage prices and growth rates. Different 
yearly costs and stumpage price schedules are assumed for 
the pruning alternatives as compared to the non-pruning al­
ternatives. The following tables illustrate some of the 
information generated during the first iteration of the 
thinning and pruning alternative, a copy of the final com­
puter program follows the tables. The program is presented 
as run without any attempt to edit for grammar or other non-
critical mistakes. 
Table 18. Stand characteristics before and after thinning 
Stand Basal Average Average Total Merchant- Sawtimber 
Age Trees Area D.B.H. Height Volume able Volume Volume 
(Years) No. Sq.Ft. In. Ft. Cu.Pt. Cu.Ft. MBF 
25. 228 92 8.6 49 1619 1560. 6.940 
25. 117 67 10.2 49 1567 1560 . 6 .940 
35. 117 83 11.4 61 2007 2003 . 9.8 60 
35. 96 73 11.8 61 1941 1939 . 9.740 
45. 96 78 12.2 72 2175 2173. 11.350 
45. 86 75 12.6 72 2174 2171. 11.350 
55. 86 87 13.6 80 2547 2544 . 13.750 
55. 71 76 14 .0 80 2442 2439 . 13.380 
65. 71 83 14.6 86 2680 2677. 14.900 
65. 62 77 15.0 86 2632 2629. 14.770 
75. 62 85 15.8 89 2882 2879 . 16.430 
75 . 54 79 16 .2 89 2820 2817 . 16 .180 
Ce 
0 
1 
2 
3 
4 
5 
6 
7 
8 
0 
1 
2 
3 
4 
5 
6 
7 
8 
Volumes present per acre at end of each year 
Merchantable Cubic Feet 
Year 
0 1 2 3 4 5 6 7 8 9 
0 .0 0 .0 0. 0 0 .0 0. 0 0. 0 0 .0 0. 0 0. 0 0 .0 
0 .0 0 .0 0. 0 0 .0 0. 0 0. 0 0 .0 0. 0 0. 0 0 .0 
0 .0 0 .0 0. 0 0 .0 0. 0 1560. 0 1604 .3 1648 . 6 1692 . 9 1737 . 2  
1781 .5 1825 .8 1870 . 1 1914 .4 1958 . 7 1939. 0 1962 .4 1985. 8 2009 . 2 2032 .6 
2056 .0 2079 .4 2102. 8 2126 .2 2149. 6 2171. 0 2208 .3 2245. 6 2282. 9 2320 .2 
2357 .5 2394 .8 2432 . 1 2469 .4 2506 . 7 2439. 0 2462 .8 2486. 6. 2510. 4 2534 .2 
2558 .0 2581 .8 2605. 6 2629 .4 2653 . 2 2629 . 0 2654 .0 2679. 0 2704 . 0 2729 .0 
2754 .0 2779 . 0  2804 . 0 2829 .0 2854 . 0 2879. 0 0 .0 0. 0 0. 0 0 .0 
0 .0 0 .0 0. 0 0 .0 0. 0 0 . 0 0 .0 0, 0 0. 0 0 .0 
Thousands of Board Feet 
0 .0 0 .0 0 .0 0 .0 0 .0 0 . 0  0 .0 0 .0 0 .0 0 .0 
0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 
0 .0 0 .0 0 .0 0 .0 0 .0 6 .940 7 .232 7 .524 7 .816 8 .108 
8 .400 8 .692 8 .984 9 .276 9 .568 9 .740 9 .901 10 .062 10 .223 10 .384 
10 .54 5 10 .706 10 .867 11 .028 11 .189 11 .350 11 .590 11 .830 12 .070 12 .310 
12 .550 12 .7 90 13 .030 13 .270 13 .510 13 .380 13 .53 2 13 .684 13 .836 13 .98 8 
14 .140 14 .292 14 .444 14 .596 14 .748 14 .770 14 .936 15 .10 2 15 .268 15 .434 
15 .600 15 .766 15 .932 16 .098 16 .264 16 .430 0 .0 0 .0 0 .0 0 .0 
0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 . 0  0 .0 
Table 20. Critical values for the game, 75 years 
Critical Price 426. 600. 600 600. 600. 600. 600. 600. 600. 600. 
Allowable Cut 100 100 100 100 100 100 100 100 100 100 
Minimum Cutting Age 75. 75. 75. 75. 75. 75. 75. 75. 75. 75. 
Acres in Working Circle 100 Costs in First Year of Game 
Per Acre (Annual) 1,25 
Minimum Values for Inclusion Per 100 Cu. Ft. Harvested 31.00 
in Totals Per M Bd. Ft. 65.00 
Age, for Growing Stock 25. Thin One Acre 95.76 
M Bd. Ft., for Growing Stock 0. 5 Plant One Acre 26.98 
Cu. Ft., for Commercial Cut 0. Cleanup of One Acre 95.00 
M Bd. Ft., for Commercial Cut 0. 0 Rate of Increase in Costs 0.0 
M Bd. Ft., for Salvage 1. 0 
Acres Planted Annually 0 Relative Value of Intermediate cuts 
Percent of Acres Lost Annually 0. 070 Stumpage Price, Cu. Ft. 1.00 
M Bd. Ft. in Shelterwood 0 . 0 Stumpage Price, Bd. Ft. 1.00 
Regeneration Period 0. 0 
Pseudorandom Number Generator 125.0 
356 .0 
Table 21. Number of acres cut annually 
Allowable Cutting Actual Cut 
Year Cut Age Cu.Ft. MBF 
(1) (2) (3) (4) 
0 0 0 0 0 
1 100 75 0 0 
2 100 75 0 0 
3 100 75 0 0 
4 100 75 0 0 
5 100 75 0 0 
6 100 75 0 0 
7 100 75 0 0 
8 100 75 0 0 
9 100 75 0 0 
10 100 75 0 0 
11 100 75 0 0 
12 100 75 0 0 
13 100 75 0 0 
14 100 75 0 0 
15 99 75 0 0 
16 100 75 0 0 
17 100 75 0 0 
18 100 75 0 0 
• 19 100 75 0 0 
20 100 75 0 0 
21 100 75 0 0 
22 100 75 0 0 
23 100 75 0 0 
and volume 
umul. Cut Grstk Vol. Total Vol. 
u.Ft. MBF Cu .Ft . MBF Cu.Ft . MBF (5) (6) (7) (8) (9) (10) 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
Table 21 (Continued) 
Allowable Cutting Actual Cut 
Year Cut Age Cu.Ft. MBF 
(1) (2) (3) (4) 
24 100 75 0 0 
25 100 75 0 0 
26 100 75 0 0 
27 100 75 0 0 
28 100 75 0 0 
29 99 75 0 8 
30 100 75 0 0 
31 100 75 0 0 
32 100 75 0 0 
33 100 75 0 0 
34 100 75 0 0 
35 100 75 0 12 
36 100 75 0 0 
37 100 75 0 0 
38 100 75 0 0 
39 100 75 0 0 
40 100 75 0 0 
41 100 75 0 0 
42 100 75 0 0 
43 100 75 0 0 
44 99 75 0 11 
45 100 75 0 0 
46 100 75 0 0 
4 7 100 75 0 0 
Cumul. Cut 
eu.Ft. MBF 
(5) (6) 
Grstk Vol. 
Cu.Ft. MBF 
(7) (8) 
Total Vol. 
Cu.Ft. MBF 
(9) (10) 
0 0 0 0 0 0 
0 0 0 687 0 687 
0 0 0 716 0 716 
0 0 0 745 0 745 
0 0 0 774 0 774 
0 8 0 795 0 803 
0 8 0 823 0 831 
0 8 0 852 0 860 
0 8 0 880 0 888 
0 8 0 909 0 917 
0 8 0 938 , 0 946 
0 20 0 955 0 975 
0 20 0 970 0 990 
0 20 0 986 0 1006 
0 20 0 1002 0 1022 
0 20 0 1018 0 1038 
0 20 0 1033 0 . 1053 
0 20 0 1049 0 1069 
0 20 0 1065 0 1085 
0 20 0 1081 0 1101 
0 31 0 1085 0 1116 
0 31 0 1101 0 1132 
0 31 0 1124 0 1155 
0 31 0 1147 0 1178 
Table 21 (Continued) 
Allowable Cutting Actual Cut 
Year Cut Age Cu.Ft. MBF 
(1) (2) (3) (4) 
48 100 75 0 0 
49 100 75 0 0 
50 100 75 0 0 
51 100 75 0 0 
52 100 75 0 0 
53 100 75 0 0 
54 100 75 0 0 
55 100 75 0 36 
56 100 75 0 0 
57 100 75 0 0 
58 100 75 0 0 
59 99 75 0 14 
60 100 75 0 0 
61 100 75 0 0 
62 100 75 0 0 
63 100 75 0 0 
64 100 75 0 0 
65 100 75 0 12 
66 100 75 0 0 
67 100 75 0 0 
68 100 75 0 0 
69 100 75 0 0 
70 100 75 0 0 
Cumul. Cut 
Cu.Ft. MBF 
(5) (6) 
Grstk Vol. Total Vol. 
Cu.Ft. MBF Cu.Ft. MBF 
(7) (8) (9) (10) 
0 31 0 1171 0 1202 
0 31 0 1194 0 1225 
0 31 0 1217 0 1248 
0 31 0 1241 0 1272 
0 31 0 1264 0 1295 
0 31 0 1287 0 1318 
0 31 0 1310 0 1341 
0 67 0 1298 0 1365 
0 67 0 1313 0 1380 
0 67 0 1327 0 1394 
0 67 0 1342 0 1409 
0 81 0 1343 0 1424 
0 81 0 1357 . 0 1438 
0 81 0 1372 0 1453 
0 81 0 1387 0 1468 
0 81 0 1401 0 1482 
0 81 0 1416 0 1497 
0 93 0 1418 0 1511 
0 93 0 1434 0 1527 
0 93 0 1450 0 1543 
0 93 0 1466 0 1559 
0 93 0 1482 0 1575 
0 93 0 1498 0 1591 
Table 21 (continued) 
Allowable Cutting Actual Cut 
Year Cut Age Cu.Ft. MBF 
(1) (2) (3) (4) 
71 100 75 0 0 
72 100 75 0 0 
73 99 75 0 16 
74 100 75 0 0 
75 100 75 0 1585 
Cumul. Cut. Grstk Vol. Total Vol. 
Cu.Ft. MBF Cu.Ft . MBF Cu.Ft . MBF 
(5) (6) (7) (8) (9) (10) 
0 93 0 1514 0 1607 
0 93 0 1529 0 1622 
0 109 0 1529 0 1638 
0 109 0 1545 0 1654 
0 1694 0 0 0' 1694 
Table 22. Stumpage prices and costs for each year of the simulation 
Stumpage Price Stumpage Income Area Costs Volume Costs 
Year 100 Cu.Ft. MBF Annual Cumulated Annual Cumulated Annual Cumulated 
(27) (28) (29) 
0  0 . 0  0 . 0  0 .  
1 0.0 0.0 0. 
2  0 . 0  0 . 0  0 .  
3 0.0 0.0 0. 
4 0.0 0.0 0. 
5 0.0 0.0 0. 
6  0 . 0  0 . 0  0 .  
7 0.0 0.0 0. 
8  0 . 0  0 . 0  0 .  
9 0.0 0.0 0. 
10 0.0 0.0 0. 
11 0.0 0.0 0. 
12 0.0 0.0 0. 
13 0.0 0.0 0. 
14 0.0 0.0 0. 
15 0.0 0.0 0. 
16 0.0 0.0 0. 
17 0.0 0.0 0. 
18 0.0 0.0 0. 
19 0.0 0.0 0. 
20 0.0 0.0 Ô. 
21 0.0 0.0 0. 
2 2  0 . 0  0 . 0  0 .  
23 0.0 0.0 0. 
(30) (31) (32) (33) (34) 
0. 0 . 0. 0. 0. 
0. 127. 127. 0. 0. 
0 . 126. 253. 0. 0. 
0 . 126 . 379 . 0 . 0 . 
0. 126. 505. 0. 0. 
0 . 126. 631. 0. 0 . 
0. 126 . 757 . 0. 0. 
0. 126 . 884 . 0. 0. 
0. 127. 1010 . 0. 0. 
0. 127. 1137 . 0. 0. 
0. 127. 1264 . 0. 0. 
0. 127. 1390. 0. 0. 
0 . 127. 1517. 0. 0. 
0. 127. 1644 . 0. 0. 
0. 127. 1770. 0. 0. 
0. 126 . 1896 . 0 . 0. 
0. 126 . 2022 . 0. 0. 
0. 126. 2148 . 0. 0 . 
0. 126 . 2274. 0. 0. 
0. 126. 2401. 0. 0. 
0 . 126. 2527. 0. 0. 
0 . 126 . 2653. 0 . 0 . 
0. 126 . 2779. 0. 0. 
0. 126. 2905. 0. 0 . 
Table 22 (Continued) 
Stumpage Price 
Year 100 Cu.Ft . MBF 
(27) (28) 
24 0.0 0.0 
25 0.0 0.0 
26 0.0 0.0 
27 0.0 0.0 
28 0.0 0.0 
29 0.0 0.0 
30 0.0 0.0 
31 0.0 0.0 
32 0 .0 0.0 
33 0.0 0.0 
34 0.0 0.0 
35 0.0 0.0 
36 16.02 44.11 
37 16.95 32.73 
38 24.75 36.87 
39 11.99 37.45 
40 18.54 13 .27 
41 19.72 42.52 
42 16.88 29.95 
43 16.04 29 .60 
44 18.80 23.27 
45 39.93 142.70 
46 105.80 163.83 
47 125.93 208.28 
48 92 .84 242.51 
Stumpage Income 
Annual Cumulated 
(29) (30) 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0 . 
0. 0. 
0. 0. 
0 . 0. 
0 . 0. 
0 . 0. 
0 . 0. 
0. 0. 
0. 0. 
0. 0 . 
0. 0. 
0. 0. 
0 . 0. 
0. 0. 
0 . 0 . 
260 . 260. 
0 . 260. 
0. 260. 
0 . 260 . 
0 • 260. 
Area Costs Volume Costs 
Annual Cumulated Annual Cumulated 
(31) (32) (33) (34) 
126. 3031. 0 . 0. 
126. 3157. 0. 0 . 
126. 3283 , 0 . 0. 
126. 3409 . 0 . 0. 
126. 3536. 0 . 0. 
126 . 3662. 527 . 527 . 
126. 3788 . 0. 527. 
126. 3914. 0. 527. 
126 . 4040. 0. 527 . 
126. 4166. 0. 527 . 
126. 4293 . 0 . 527 . 
126. 4419 . 764 . 1291. 
125. 4544 . 0. 1291. 
125. 4669 . 0 . 1291. 
125. 4794 . 0 . 1291. 
125. 4919 . 0. 1291. 
125. 5044 . 0 . 1291. 
125. 5169. 
125. 5294. 
125. 5419. 
125. 5544. 
125. 5669. 
125. 5794. 
125. 5919. 
125. 6044. 
0. 1291. 
0. 1291. 
0. 1291. 
727. 2019. 
0. 2019. 
0 . . 2019. 
0. 2019. 
0. 2019. 
Table 22 (Continued) 
Stumpage Price Stumpage Income 
Year 100 Cu.Ft. MBP Annual Cumulated 
(27) (28) (29) (30) 
49 204.50 670.96 0. 260. 
50 517.72 528.59 0. 260. 
51 263 .65 771 .08 0 . 260. 
52 251 .29 415 .59 0 . 260. 
53 247 .29 807 .83 0 . 260 . 
54 326 .91 715 .06 0 . 260 . 
55 478 .50 531 .55 19077 . 19338 . 
56 499 .95 528 .70 0. 19338. 
57 491 .62 1099 .54 0. 19338 . 
58 433 .62 1132 .02 0. 19338. 
59 274 .97 902 .09 12618 . 31956. 
60 249 .69 1141 .47 0. 31956 . 
61 401 .20 744 .99 0. 31956 . 
62 470 .84 494 .52 0. 31956 . 
63 434 .42 1066 .25 0. 31956 . 
64 498 .41 1485 .01 0. 31956 . 
65 603 .05 1266 .51 • 15806. 47762 . 
66 682 .94 722 .68 0. 47762 . 
67 297 .07 1011 .61 0 . 47762 . 
68 40 .05 517 .34 0. 47762 . 
69 701 .89 1150 .73 0 . 47762 . 
70 453 .78 1405 .22 0. 47762. 
Area Costs 
Annual Cumulated 
(31) (32) 
125. 6169. 
125. 6294 , 
125. 6419. 
125. 6544. 
125. 6669. 
125. 6794. 
125. 6919 . 
125 . 7044. 
125. 7169. 
125. 7294 . 
125. 7419. 
125. 7544 . 
125. 7669. 
125. 7794 . 
125. 7919. 
125. 8044 . 
125. 8169. 
125. 8294 . 
125. 8419. 
125. 8544 . 
125. 8669 . 
125. 8794 . 
Volume Costs 
Annual Cumulated 
(33) (34) 
0. 2019. 
0 . 2019 . 
0 . 2019. 
0 . 2019. 
0. 2019. 
0. 2019. 
2333 . 4352 . 
0 . 4352 . 
0. 4352 . 
0 . 4352 . 
909 . 5261. 
0 . 5261. 
0. 5261 . 
0 . 5261 . 
0. 5261. 
0. 5261 . 
811. 6072. 
0. 6072. 
0. 6072 . 
0. 6072. 
0 . 6072 . 
0, 6072-
Table 22 (continued) 
Stumpage Price Stumpage 
Year 100 Cu.Ft. MBP Annual 
(27) (28) (29) 
71 584 .38 633 .91 0. 
72 308 .37 1271 .97 0. 
73 304 .14 1850 .30 29786. 
74 777 .74 311 .63 0. 
75 849 .40 2521 .42 3995421. 
Income Area Costs Volume Costs 
Cumulated Annual Cumulated Annual Cumulate 
(30) (31) (32) (33) (34) 
47762. 125. 8919. 0 . 6072. 
47762. 125. 9044 . 0 . 6072 . 
77548 . 125. 9169 . 1046 . 7118 . 
77548 . 125. 9294. 0. 7118 . 
4072969. 125. 9419. 102999. 110117. 
Table 23. Costs and returns for each year of simulation 
Total Cost Net 
Year Annual Cumulated Annual 
Income 
Cumulated (35) (36) (37) (38) 
0 0. 0. 0 . 0. 
1 127. 127. -127. 
-127. 
2 126. 253. -126. 
-253. 3 126. 379. 
-126. 
-379. 4 126. 505. 
-126. 
-505. 5 126. 631. 
-126 . 
-631. 6 126. 757. 
-126. 
-757 . 
7 126. 884. 
-126 . 
-884 . 8 127. 1010 . -127 . 
-1010 . 
9 127. 1137. -127. 
-1137. 
10 127. 1264. 
-127. 
-1264. 
11 127. 1390 . 
-127. -1390. 
12 127. 1517. 
-127 . 
-1517 . 
13 127. 1644. 
-127. 
-1644 . 
14 127. 1770. 
-127. -1770 . 15 
. 126. 1896. 
-126. -1896. 
16 126. 2022. 
-126 . 
-2022 . 17 126 . 2148. 
-126. 
-2148. 18 126. 2274. 
-126. 
-2274 . 19 126 . 2401. -126 . 
-2401. 20 126. 2527 . 
-126. 
-2527 . 
21 126. 2 653 . 
-126. 
-2653. 22 126. 2779. -126. 
-2779. 23 126. 2905. —126 . 
-2905. 
Current Value 
Growing Stock 
(39) 
0 .  
0 .  
0. 
0 .  
0 .  
0 .  
0 .  
0 .  
0 . 
0 . 
0. 
0 .  
0 .  
0 .  
0 . 
0. 
0 .  
0 ,  
0 . 
0 . 
0 .  
0 .  
0 . 
0 .  
Total 
Net Worth 
(40) 
-127. 
-253. 
-379 . 
-505. 
-631. 
-757. 
-884. 
-1010. 
-1137. 
-1264. 
-1390. 
-1517. 
-1644. 
-1770 . 
-1896 . 
-2022 . 
-2148 . 
-2274 . 
•2401. 
-2527 . 
-2653 . 
-2779. 
-2905 . 
CO K) 
Table 23 (Continued) 
Total Cost Net 
Year Annual Cumulated Annual 
(35) (36) (37) 
24 126. 3031. 
-126. 
25 126. 3157 . 
-126 . 
26 126. 3282 . 
-126. 
27 126. 3409. 
-126 . 
28 126. 3536 . -126. 
29 653 . 4189. 
-653 . 
30 126. 4315. 
-126 . 
31 126. 441. -126. 
32 126. 4567. -126. 
33 126. 4693. -126 . 
34 126. 4820 . 
-126 . 
35 891. 5710. -891. 
36 125. 5835. 
-125. 
37 125. 5960. -125. 
38 125. 6085. -125. 
39 125. 6210 . 
-125. 
40 125. 6335. -125. 
41 125. 6460. 
-125. 
42 125. 6585 . 
-125. 
43 125. 6710 . -125. 
44 852. 7562. -592 . 
45 125. 7687 . -125 . 
46 125. 7812. -125. 
47 125. 7937. -125. 
Income Current Value Total 
Cumulated Growing Stock Net Worth 
(38) (39) (40) 
-3031. 0. 
-3031. 
-3157. 
-44659. 
-47816. 
-3283 . 
-46538. 
-49821. 
-3409. 
-48417. 
-51826. 
-3536. 
-50296. 
-53831. 
-4189. 
-51648. 
-55836. 
-4315. 
-53508. 
-57822 . 
-4441. 
-55368. 
-59809. 
-4567. 
-57228 . 
-61795. 
-4693. 
-59088. 
-63781. 
-4820. 
-60948 . 
-65767. 
-5710. 
-62044 . 
-67754. 
-5835. 
-20272 . 
-26107. 
-5960. 
-31822 . 
-37782. 
-6085. 
-28186. 
-34271. 
-6210 . 
-28039 . 
-34249. 
-6335. 
-53462. 
-59797. 
-6460. 
-23587 . 
-30047. 
-6585. 
-37332 . 
-43917. 
-6710. 
-38254. 
-44964. 
-7302. 
-45290. 
-52592. 
-7427 . 85538. 78111. 
-7552. 111101. 103549. 
-7677 . 164416. 156739. 
Yea 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62  
63 
64 
65 
66 
67 
68 
69 
70 
23 (Continued) 
Total Cost Net Income Current Value Total 
Annual Cumulated Annual Cumulated Growing Stock Net Worth 
(35) (36) (37) (38) (39) (40) 
125. 8062 . 
-125 . 
-7802 . 207822. 
125. 8187-
-125. 
-7927 . 723547. 125. 8312. 
-125. 08052 . 564349. 
125. 8437. 
-125. 
-8177. 875978 . 125 . 8562. -125 . 
-8302. 443104. 
125. 8687. 
-125. 
-8427. 956145. 
125. 8812 . 
-125. 
-8552 . 851873. 2458. 11270. 16619. 8067 . 605513 . 
125. 11395. 
-125. 7942. 608654. 
125. 11520. 
-125. 7817. 1373179. 
125 . 11645. 
-125 . 7692. 1432034. 1034 . 12680. 11584. 19277 . 1124067. 
125. 12805. 
-125. 19152. 1461237. 
125. 12930. 
-125. 19027 . 932974. 
125. 13055. -125. 18902. 595577. 
125. 13180. 
-125 . 18777 . 1402958. 
125. 13305. 
-125. 18652. 2010433. 
936. 14241. 14870. 33521. 1703623. 
125. 14366. -125. 33396 . 943014. 
125. 14491. -125. 33271. 1372366 . 
125. 14616. 
-125. 33146. 663002. 125. 14741. -125. 33021. 1608678. 
125. 14866. -125 . 32896 . 2007097. 
2 0 0 0 2 0 .  
715620. 
556297. 
867800. 
434802. 
947718. 
843321 . 
613580 . 
616597. 
1380996. 
1439726. 
1143343. 
1480388. 
952000. 
614478. 
1421734. 
2029084. 
1737144. 
976411. 
1405637. 
696148. 
1641699. 
2039993. 
(a> 
lU 
Table 23. (Continued) 
Year 
71 
72 
73 
74 
75 
Total Cost 
Annual Cumulated 
(35) (36) 
125. 
125. 
1171. 
125. 
103124. 
14991. 
15116. 
16287. 
16412. 
119536. 
Net Income 
Annual Cumulated 
(37) (38) 
-125. 
-125. 
28615. 
-125. 
3892297. 
32771. 
32646. 
61261. 
61136. 
3953433. 
Current Value 
Growing Stock 
(39) 
861057. 
1846012. 
2730268. 
381064. 
0 .  
Total 
Net Worth 
(40) 
893828. 
1878658. 
2791529. 
442200. 
3953433. 
Table 24. Comparison of several rates of return 
Value of Initital Growing Stock—$ 0.0 
Values Discounted to Present (Dollars) 
Compound 
Rate 
(Percent) 
Future 
Growing 
Stock 
All 
Incomes 
Stock 
Plus 
Incomes 
All 
Costs 
Net 
Present 
Worth 
1.0 0.0 1935355.00 1935355.00 59637.98 1875717.00 
1.5 0.0 1337905.00 1337905.00 42601.76 1295303.00 
2.0 0.0 926660 .56 926660.56 30713.55 895947.00 
2.5 0.0 643045.13 643045.13 22381.22 620663.88 
3.0 0.0 447078.44 447078.44 16512.68 430565.75 
3.5 0.0 311418.19 311418.19 12356 .81 299061.38 
4.0 0.0 217329.31 217329.31 9395.70 207933.56 
4.5 0.0 151961.63 151961.63 7271.54 144690.06 
5.0 0.0 105445.69 106445.69 5735.20 100710.44 
5.5 0.0 74701.56 74701.56 4614 .39 70087 .13 
6.0 0.0 52521.36 52521.36 3788.56 48732.80 
6.5 0.0 36995.28 36995.28 3173 .26 33822 .02 
7.0 0.0 26107.11 26107.11 2709.16 23397.94 
7.5 0.0 18457.61 18457.61 2354.39 16103.23 
8.0 0.0 13073.61 13073.61 2079.25 10994.36 
8.5 0.0 9277.81 9277.81 1862 .65 7415.16 
9.0 0.0 6595.90 6595.90 1689.38 4906.52 
9.5 0.0 4697.99 4697.99 1548.59 3149.39 
10.0 0.0 3352.43 3352.43 1432.40 1920 .03 
10.5 0.0 2396.75 2396.75 1335.05 1061.70 
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C  8 0 P R I  =  C O N S T A N T  S T U M P A G E  P R I  C E  P E R  M .  r f O .  F T .  
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_C. . ..NGAME =_ NUMBER. QF GAMCS.PER JirST . • _ 
C NKOLS = NOMMER OF COLUMNS Of- OUTPjr;? Ti.) BE 3R INI (.!"» / SJM^Y 
C. _ NOjvlSTK = -.XONSTOCKEO. AREA . 
C N'OYRS = NUMBER OF YEARS IN A GAME 
C _NTSTS = NUMBER OF TESTS IN BATCH 
C PRET = PERCENTAGE OF TREES RETAIN=0 AFTER IjfTIAl THINNIM 
.C. „PREV(I) = PRESENT VALJE OF GROWING ST:]G< \N.) I NCO'^FS 
C PRIBD(I) = VARIABLE STOPPAGE PRICc PER M . r X .  •  
C... ._. PRICF(I.) = VARIA!3LF,.STUMPA0F^ MC£ in> :u. = T. 
C . PRiniV(I) = PRICES USED TO SET POLICY 
G PkTH(I) = PRESENT WORTH . 
C RATE = RATE OF ANMUAL INCREASE IN COSTS 
-C LREIHV^= ANNUAL RETURN FROM FINAL HARVEST _ . 
C. : RETRN =. ANNUAL INCOME FIOM STJM^AJE 
C RETT H = A vINUAL ' ReTU.R'V F^OM ' TH I VJ.Vl^J.iS. 
C J -KiNT = NUMBER OF YEARS FOR WHICH iR'JWrH P^njiCTinX IS 44 Tt 
C - ROTA = LONGEST PJSSI&LE ROTATION INYICLO T\BLF 
_C : SCPLT = TOTAL ANNUAL Pu ACTING CIST 
C SCTHN" =' SUM OF PRECOMMERCIAL TH I N'^J I NG "c'3sTS^ 
G : SHELT = M -BO. FT. RETAÎNEO AS SEE) TREES O'i 
C SHWD = VOLUME OF SHEL TERS,)D0 VT ^ I\L :'jT 
C SITE = SITE INDEX 
C S'UMM( I/J,i<) = ARRAY" FOR P,<I.\TlNS iv StJM^Y 
C ; TCOST = TOTAL ANNUAL COSTS 
"C" "THIN =.GROWING STOCK LEVEL FOI INITIAL THI^4l\3 
C TOTC = TOTAL CU%I: FEET REMOVED PER ACRF 
C TOfO = TOTAL CUBIC. FEET PER ACPf E Fû < T T4I 4 \ iMi; 
C TOTT = TOTAL CUBIC FFET PE« ACRf \FTE1 THI vNI^G 
c VAK( I fJ )  =  VARIABLES T] Uu PtINTE) W 'lUTPur? 
C VdHV =  BOARO-FQQT VOLUME PF-OX HARVESTS 
C Vr iTH =  BJARO-FIJOT VOLUME FROM THINNIN: )  
C VCHV =  CUBIC-Fonr  VGLJME FkOM HA%/ESTS 
C VCTH =  C L ia i  C-F  OÏ ÏT  VOLUME FRU4 THINNING 
C VLBF =  VOLUME HARVESTED,  M BD.  f -T .  
C VLC U =  V ULUME " H  A RV ES T  E  D ,  CU .  FT .  
C YRLOS =  NUMBER OF ACRES LOST ANNUALLY 
'C " ' : ' ' . 
CCMMON BATCH <6 V fOESCKl  ID  ) ,GMN«kM( t>) ,  
"A  "  '  ACCSt  j  AGÈb,  AGMRCH ,  ANûDF(  1 )1  » ,AJ :JV(1  d 1  )  ,  ,  40-C 
1 ( 180) , BDFQl 130 ), BF CST , CFM C ( 19 O ) , C r M.D ( l bO ) ,C STAC • : STVL.roC SI . C .1 ' , • 
2,J8H0,DEN0, ' OLE V , FMRCHH ( 11 ) , GS V AL J, (ÎS V AL C , OVî. , 
j^yLCU.,IACREA18Plr!ALÇUT,IGAME,ISU1(lR),LTEST,IV^R(?5,l^;r, I.-FAF, 
4K0L(6  ) f  LAND,  L  AST,  MA.CJT (  10 ) ,  MILD,  NK:Re( lR0) ,N3 A^F,N<3L S ,  M  ,  ï <  
CGMMOJ RrNT,T4 IN,BF4RCH, i rSALV,Cn4CU,CU^BF, \FPCT, l \T f ,  
'  ôNJYRS.  PP ET,  PR IBDI  1  50)  ,  PR IC  = (  1  50» ,  PRI  D I  V(  m  ,  3ET ).  N ,K-T  A ,  ;  '  ,  • ;  (  • „  ,  
/S ITE,  SUM M(  6  ,25 ,10)  ,TC0ST ,  S Ht L F ,  Y RL )  S ,  F [  ML ,  C L  3  S S ,  :  THN ,  :p .  T (T  T .  
%VAR(  14 ,150)  ,VLBF ,  VLCU,  ACAGt  ( .1000)  ,  CYC L  ,  Kr tÙN r  iOE ' -O-  ,ÂNJI .  ,  " IV  ,  !  l  - !  
D O U B L E  P R E C I S I O N  G M N  A M ,  U E S C i ,  n T " 1  
CCMMON LABELl (ZO) ,  LABEL2(2 j ) ,NZ 
_ _  . .CCMMON.  _CSTA:R(18U .  
C • 
_ C _  _  K E A D  I N  L A B E L S  F O R  H E A D I N G S  .  
C . 
READ (5 ,4 )  (LABEL!  ( IL ,1=  1 ,20)  
9  FORMAT (2JA4)  .  
. .  READ (5 ,9 )  (LABEL 2  . (  I  )  ,1=  1 ,2 ' ) . )  . .  
READ (5 ,1 )  (BATCH!  l ) ,  1=1,  3 )  
. .  _1  FORMAT.  (3AH)  
R EAD (  5 ,  2  )  NTST5 
WRITE (6 ,400)  NTSTS _ 
400  F  JRMATdH ,6HNT S.TS= ,  I  4 )  
2  FORMAT (  14)  
IX = 1997 
po S I  TE ST =  1 ,NTSTS 
CALL INPUTl  ( IX )  
c PRINT YIELD TAÔLE AND COMPUTE V;)L jME KACH YiA'. f STA'O A IF 
C 
. CALL YIELD 
CALL ANVGL 
C . _ : . , 
C OPERATE SYSTEM FOR 3FSUE0- i JF 3 \%ûS . 
C 1 
" • 00 8 IGÀME=1,NGAME 
: CALL INPUT2 
C 
_C- _CREATE ACRES IN EACH AGE CLASS 
C 
CALL, AREAS • 
UK •=• 0 
C 
C OPERATE SYSTEM FOR OESItED NJ13E< DF YE A^ S 
C _ 
OÙ 7 I.YfcAR=l,NOY-^S 
. CALL YEARS: 
C 
C PRINT ACRES IN EACH AGE _:LASS fHi FIRST YE\< AMD EMU pF 
C EACH DECADE 
r 
IF ( lYEAR .LE. I > GT TO 3 
:JF (IJK .EQ. 10) GO TP 4 
GO TO 6 
"GO TO 5 ' 
4 IJK = 0 
5 CALL OUT PT l 
. _ 6 IJK = IJK + ,L 
C ALL ANUAL ' 
7 CONTINUE • . 
C 
C PRINT VGLUMf-.S AND VALUES FO^ EACH YEAR 
CALL JUT PT2 ^  ^ 
CALL A OR TH 
C 
C SUM dARIZu OtSIRfcD NJUlEt DF COLUMNS JP lUTP JT2 
IF (NXOLS .LF. . 0) OJ FG fi 
CALL SUMRY , 
3 CONTINUE 
.CALL EXIT 
END 
SUBROUTINe INPUT 1 (IX) 
CUM40N 8ATC4(6),0ESCR( r]|,G4N\K(S), 
A ACCSTf ÂGBDt AGMRCH, 151) , A\j: ,IV( 1 ) fiNVL-1 , •'',i;=C ; 
1 (100) ,m)FJ1130 ),c^r-csT ,CF.IC(is)),C-MD( H )),csT4r,?sT/L,nu:ÏT,:. JT W. ! 
2,i)6HC)tOF NO, nL=V,FMkCHg( LO) , GSVAI. R , GS WL r ,GVl BF, I 
iGVLCU , I ACRE ( 180 ), lALCUT, I GAME, ISU4( IR ) , I TF ST , I VAR ( 2; , I 5 )) , I vt-c , 
4K0L ( 6) » L AND, L AST, MALC UT (10), M:1LD , A ACRE (1B0),NÙ AM (- ,N<n i p., 1, \n\ST< 
COMMON RINT',THlN-,BFMR:H,BFSALVtC01CJ,C0MRF,i^FPCT «ONT V , | 
6N0YRS,PRET rPRIHDI 150 ),P\ICF( 150 ),)%!] I V( 10) , t=T<y,?lT*,46Tr,- r ^ ' 
7 SI TE , SUMM(6 ,2 5 ,i 0) , TCHST , SHcLT ,Y KL OS , F I \ L, 0 LOS S , CI HV , : L T , C f ( T , 
WVAR(14, 150), VL3F ,VL:U,A: A iE ( 1^00) YCL ,<'."rJNr ,A^ 'i|. , I v , T t \ v 
DOUBLE PRECISION GIN A 4, OESCK, ^Ar 
COMMON LA3ELi(20), LABEL 2(20) ,N2 
COMVONi CSTA:R(1A1) 
C ' 
C SET INITIAL VALUES OF ZERO 
C 
00 I 1=1 ,6 
1 KUL( I ) '= 0 
DO 2 1=1, 150 
PRI ;U) { 1 ) = 0 .0 
2 PR ICF{ I ) = 0.0 
O f J  3  1 = 1 , 1 8 1  
C S T A C ' < (  I  )  =  0 . 0  
A N b n F ( I )  =  0 . 0  
i . A N C J V ( I )  =  0 . 0  
D O  4  1 = 1 , 6  
0 0  4  J = l , 2 5  
• 0  4  K = l , 1 0  
4  S U M M ( I , J , K )  =  0 , 0  
C  
C  ^ E A H  V A L U E S  T H A I  0 0  N O T  C H A N G F  W  I  r 4 1  \  T ' S T  
C  
R t A O  ( 3 , 5 )  ( D E  S C R (  I ) , I = 1 , 5 )  
F O R M A T  ( 5  A d )  
RHAD (5,6) NGAME , NKULS,\'OYRS 
FORMAT (314) 
401 
W R I T E  ( 6 , 4 0 1 )  M O A M C - , M K O L S  ,  N C I Y R S  
F O R M A T C I H  , l l r i C A R D  T Y P E  4 , 3 1 5 )  
R E A f )  ( 5 , 7 )  A G E O , S I T E , O E N n , D O H J , t ] T \ , o % P T , ) L E V , : Y : L , R l N T , T ^ I \  
R E A D  ( 5 , 6 )  M l  
C  N  1  =  STAND A G E  ^  T  T H E  T I M E  0 =  I N I T I A L  T H I N N I N G .  w  
C  M A Y  O R  M A Y  N O T  3 E  E Q U A L  T  J  F H S F  " V l V E N  I N  T H E  Y i e i D  T 4 4 1 F  
C  ( A G E O )  
W R I T E  ( 6 ,  4 0 2 )  R O T A  
_  4 5 2 .  F U R M A r  ( I H  , 5 H R q T A = , F 8 . 4 )  _  _ _  ;  
r F O R M A T  ( 1 0 F B . 3 )  
I F  ( . M K U L S  . L E .  0 )  G O  T O  3  ,  
R E A D  ( 5 , 6 )  ( K U L  (  I )  , 1  =  1 ,  ^ J K d L S  )  !  
3  R E A D  ( 5 , 7 )  A 3  M R C H  , 8F M R C H  , i3FS A L V  ,  C O  ^ C J  ,  C O M .ÎF, B F  P C  T ,  C  C T ,  G m T '  '  
R E A D  ( 5 , 7 )  d O P <  I, C  = ')< I 
R E A O ( 5 , 7 )  ( C S T A C R ( I ) , 1 = 1 , H O Y R S )  
W R I T E ( 6 , 2 1 )  ( C S T A C R ( I ) , I = l , \ n Y R S )  
FORMAT (» < , 6HCS TAC^. , lOr 3 ) 21 
C  
C  C R E A T E  A  S E R I E S  O F  C O N S T A N T  0 ^  V A U A H L B  P R I C E S  
C  
I F I C F P R I  . G T . 0 . 1 )  G O  T O  0  
I I ' R I C F  H A S  T O  H E  j U A L  T O  T H E  L E M O T . I  O F  T ' U -
" c P K I C E  V E C T O R S  R E A D  I N  P L U S  O N :  T U l- ^ F  ^ . L S H  M U S T  : « E  T'U S  
C NUMBER i)F PivIBO AND PtICF 
R E A i )  ( 5 , 3 0 4 )  K R A ; \ 1 0 , l  P i U C F  . I N P ' J T ' i  
3 0 4  F O R M A T  ( 1 2 , 2  1 4 )  
W R I T E  ( f t , 4 0 3 )  K R A N O ,  I  P R I C F ,  I N P U T S  
4 0 3  F O R M A T  (  I H  ,  1 7 H K R A N U  A N D  I  P - U  C F =  ,  ?  1 5  ,  M N P U T  Î  =  ' , 1 5 )  
R F A D ( 5 , 7 )  ( P R I C F ( I ) , I = 1 , I P R I C F )  
I F ( K R A N O . N E . l )  G O  T O  1 1  
C A L L  G t N  ( P R I C F ,  I P R I C F ,  I  v J P U t 8 , I X )  
G O  T O  1 1  
9  0 0  1 0  1 = 1 , 1 5 0  
1 0  P R 1 C F ( I )  =  C F P R  I  
i l  I  F (  r ^ O P R I  . G T  . 0  . 1  )  G O  T O  1 2  
R E A 0 ( 5 , 7 )  ( P R I B . ) ( I )  , l = l , I P R I C P )  
I F ( K R A N a  . N J F  .  1  »  G O  T O  1 4  
C A L L  G F . N  ( P R I t J O ,  I P R I C F ,  I M P J T  I X )  
G O  T O  1 4  
1 2  D O  1 3  1 = 1 , 1 5 0  
1 1  P R I ' M X I )  =  l i D P R I  
1 4  R E T U R N  
E N D  
S U B R O U T I N E  G E N (  A M M ,  I  P R  I  C F  ,  I  ,  [ <  )  
O I M E N S r O N  S T A N 0 ( 2 0 0 » ,  A M M ( 2 0 0 )  
I F  ( I  .  E Q  . 0  )  R E  A D  ( 5  , 1 1 )  (  S  T A  N r ) (  J  )  ,  j  =  1 ,  I  P  R I  : F )  
1 1  F O R M A T  ( L O F a . 3 )  
D O  •  1 0  J = l ,  I P R I C F  
I F  ( I . N E . O )  S T A N O ( J )  =  F L O A T  (  I  )  
I F  ( I . E Q . l )  S r A \ | 0 ( J )  =  A M M ( J ) / 3 . 0  
1 2  D M Y l  =  S T A N D ( J )  
D M Y 2  =  A M M (  J )  
C A L L  G A U S S  (  I  X , 3  M Y  I , D M Y 2 , O P R I C )  
I F  ( D P R I C . L T . 0 . 0 »  GJ rj 1 2  
A M M ( J )  =  D P R I C  
1 0  C O N T I N U E  
R E T  J R N  
E N D  
SUbROUT I NE! Y I L-LO 
CCMMON HArCh(6) ,0[:SCR<10 I , 
4 ACCST, AGl:a,AGMX:s, ANRDF( 1 81 ) .A'vJCUV ( I'U ) .ANNr-T ,'-ir-C 
1 11 80) ,fiDF;0(130 ), 3I-CST» CFMC( 180) ,C - 130) , C'iT i : S T VL , : U: Sr,:uT&l\ 
2»nRHU»DENQ, OLlf V t F MHCHD ( 1 0 j , GSVALG, GWAL C, GVI. 
3GVL CU,IACtE(180),TAL:UT,lJAMc,I SiJK 18) » I TEST, I VAI< ( 2S,l5]),IvFAt, 
4KUL(6 ) , LA 40,LAST ,dALCJT (10), MUD, vJACRF (181) , M GA'-'.t, NK'U S.M , vns^STK 
C.JMM3NI RI NT ,THI N,!}FMRCH, 3FS ALV, CO'ICU, Cf)MBF, i%FPCT ,OMT-S 
bNOYRS ,PR FT,PR IBO( 150), ?'<ICF ( 1 30) , ID I V( 10) , TPN , i'-fTA , T t ,C,=^r.v, 
7 SI TE, SUMM(6 ,2 5 ,10 ) , T COS T , S HEL T , Y 3S , F INL , C _ D S S , C T H\ , : P i T , T. F P : T , 
8VAK( 14, 15 0) , VLBF , VLCU, ACAGfc ( 1 000) , 3 YC1. , K.C'JNT , Ôtf , ANJL , Vix , I o| \T 
OOUiLE PRECISION GMNAM, DKSC%, 4A T: 4 
COMMON LABELl (20), LABEL2 (20), ; 
COMMON CSTACR(lSl) ' 
DIMKNS IGN TAflLl (210 ) , f ABL2( 5, 20 ) , TA'^L 3( ?00) , TAU 41 2rO) 
aOFT = 0.0 
CFMT = 0.0 ! 
JBOFC =0 
J l i U F O  =  0  -  .  . .  -  ^  
JBDFT =0 m 
JCFMC =0 
JCFMO = 0 
JCFMT = 0 
C 
c 
on 1 1=1,100 
Bf)FC( I) = 0.0 
BUF 1( I ) = 0.0 
crMC(I) = Û.0 
I CFMO( I ) = 0.0 
c 
C RHAO HF IGHTS,l)E:NSI TIFS,VOLUME CDNVE-^S ION t-AC.l )i?S 
C 
C RE A.) IN NO. OF VALFS FOP. TAHLl, T\4L2, TAiM. 4 
-^f.ADl 5, 300) K TBL 1 , i <TBL2A ,KTHL23 ,KT4L3 ,KTBL^. 
C WRITE (6,407 I K TBL 1, K TBL 2 A, K TBL 23 , < TOL 3 , CT^a 
407 FORMATdH , 1 6HK T 01 1 ,2 A ,, 3,4 = , ^ I 5 ) 
3 0 0  F O R M A T ! 5 1 4 )  
R L A n ( 5 , Z )  ( T  A B L l  ( K  )  , ^  =  1 ,  K T B L  1  )  
2  F O R M A T  ( 2 1 F 3 . 1 )  
READ! 5i 3 » ((TABL2(K,L),<=1,<T1L2A) ,L= 1,<THL?3 ) 
.  3  F U R M A T  ( 2 ) F 3 , 1 )  .  
R E A 0 ( 5 , 4 )  ( T A 1 L 3 ( K )  , K  =  1 , K T B L 3 »  
4  F O R M A T  ( 2 4 F 3 . 0 )  
D U  1 1 1  K = l , K T f ^ L 3  
1 1 1 TAÛL3(K) = T43L3(K) * .001 
R E A : ) ( 5 , 5 )  ( T A ô L 4 ( K ) , K = l , < T P L 4 )  
5  F O R M A T  ( 2 6 F 3 . 2 )  
C  W R I T E  ( 6 ,  6 0 0 )  
6 0 J  F G R M A T d H  , . V J A B L E  I ' )  . . .  .  
C  W R I T E  ( 6 , 6  0 1 )  ( T A Û L 1  ( K )  , K = 1  , K T . ^ L 1  )  
6 0 1 .  F O R M A T !  iH ,  2 1 F 5 ,  l  )  .  
C  W R I T E ( 6 , 6 0 2 )  
6 0 2  F O R M A T  ( 1  H  , « T A B L E 2 ' )  
Ç  d K l T E ( 6 , 6 0 3 )  ( ( T A 8 L 2 ( K , L ) , K  =  l , K T d L Z A ) , L = l , K T R I . ? R )  ^  
6 0  3  F O R M A T ( I H  , 2 5 F 5 . 1 )  ^  
C  W R I T E  ( 6 , 6 0 4 )  (  T  A B L 3  (  K  )  ,  K  =  1  ,  K T  B L 3  )  
6 0 4  F O R M A T !  I H  ,  •  T A B L E  3 »  ,  2 4 F  3  )  
C  W R I T E  1 6 , 6 0 5  )  ( 1 A 0 L 4 ( K ) , < = ! , K T 3 L 4 )  
6 0 5  F G R M À T d H  , ' T A B L E 4 '  , 2 6 F 4 . 2 )  
C  C O E F F I C I E N T S  C H A N G E O  S ' J  T t i E  Y  C A M  B E  I E  A D  I N  3 N  O A T A  C A K D ^ S  
R E A D  " 1 5  , 2  0 1  j  C  0  E  F 1  ,  C  O E  F  ? ,  C D  f c  F  3 ,  C  0  i = F  4 ,  C J E F 5 ,  C 3 0 F 6  
C WRITE! 6,4)4) C OE F I, CHEF 2 , CC. EF 3 , CO-? F4 , C JE FD , ::ne FS 
4 0 4  F C R M A T I I H  ,  1 6 H C ' J E F  1 ,  2  ,  3  ,  ^,  5 ,  6 =  ,  6 F  ^  .  p  )  
R E A D  ( 5  , 2 0 2 )  C 0 E F 7  ,  C  Q E F S  ,  C G E  F - 7  ,  C T " :  F 1  3  
C  W R I T E  ( 6 ,  4 0 5 )  C O E  F  7  ,  C O E  F  ,  C C E  F  ^ ,  C  : ) " •  F  I  0  
4 0 5  F O R M A T  ( I H  ,  I  3 H C  D E F  7 ,  8 ,  9 ,  1 0 = ^ ,  4 r 3  .  5  )  
2 0 1  F O R M A T  ! 6 F 1 0 . 5 )  
2 0 2  F O R M A T  ( 4 F 1 0 . 5 )  
R E A D  ! 5 , b l 3 )  C O E F l l . C J E F 1 ^ , C n ^ - 1 3  
C  W R I T E  ( 6 , 6 1 5 )  C  Q c F  1  I  ,  C  O L  F  I  2  ,  C  I E  F  U  
6 1 5  F O R M A T  ( •  • , 3 0 H  C O G F  1 1 , C O H =  1  2 , C  1 1 ^  1 3  , 4 ^ 1  
R E A D  ( 5  , 6 1 0 ) P W 0 I \  , S L G D H H , S [ T M I  J , S r \ L V ,  3 n H M N ,  ^ Î U S P L  
6 1 0  F O R M A  T  (  l O F  H .  3 )  
c W R I T E  ( 6 , 6 1 1 )  P W U I A . S L G D Ï H ,SIT- IN,S T K L V , n i 4 / N , l ^KSPL 
6 1 1  F O R M A T  ( •  ' , 4 0 H P W D I A , S L û 0 d H ,  $ I T 1 I j , S T K L v , 1 4  4 V | , ^ P < s r L  , 1 0 1 ? ' . ^ )  
R t A i )  1 5 , 6 1 3 )  0  3  H  r  L  1 ,  M  1 P  L  2  ,  D  H  T  U 1  ,  )  8  H  P  U  2  
6 1 3  F C R ' I A T  ( 4 - F 1 0 . 5 )  
C  ^  W R I T E  ( 6 , o l 4 )  0 G H P L l , 0 W H y L 2 , D 4 H ' J , j L , 0 Q M P J 2  _  
6 1 4  F O R M A T  ( •  ' , 3 0 H  D ^ H P L l , U A 4 P L 2 , 0 i i P U l , n R H P j 2 ,  4 F 1 0 . S )  
R E A D  ( 5  , 3 0 0 )  I K . N M  _  .  
C  W R I T E  ( 6 , 6 1 6 )  I K , N N  
6  1 6  F O R M A T  ( •  •  ,  2 H I  K  ,  I  4 , .  2 H N  N i  •  I  4  )  
C  I K  W A S  O R I G I N A L L Y  C Q M P J T E O  A S  M G  F . j  J & L  T D  C Y T L / t I N T  
C  I T  H A S  B E E N  R E D E F I N E D  T O  R E P I E S E ^ T  T H E  N U M B E R  I F  
C  P L A N N I N G  P E R I O D S  W I T H O U T  C U T  T  I N  G - - T H U S  I F  T H . -  P L ' \ N K Ï  N G  P F R Î 0 3  
C  . .  ( R I N T )  A N D  T H E  C Y C L E  A R E  E Q U A L  . 1 1  . W I L L .  3 F  • j i \ c ; , | F  
C  U N  T H E  U T H E i  H A N D  A O G U  I S  S O  4 5  N  j i ^ , ) E R  S A Y  2 5  ^ N O  T H f - P F  1 5  
C  T O  B E  M O  C U T T I N G  T H E N  T H E  .  F  I  G J ^  E - .  U S E  ; >  =  O R  . 1  < ,  _ W I  L  L .  J ' E  5  I f  
C  T H E  R O T A T I O N  I S  7 5  
G  N N  I S  D E F I N E D  T O  B E  T H E  L O W E S T  A i E  A T  W H ' C ' »  C U T T I N G  v - . ' I L I  
C  H E  A L L O W E D  T O  T A K E  P L A C E .  I T  4 E \ R S  \ | 3  F I X E D  D E L A T I O N  T ' )  
C  A N Y  O T H E R  V A L U E  E X C E P T  T H A T  I T  W I L L  N O R M A L L f  F A L L  b E T w C F N  ^  
G  N I  A N D  N 2  
N 2  =  A G F O  
N  =  A G E O  
B A S O  -  O b N O  »  0 . 0 0 5 4 5 4 2  *  D r H O  *  J i î H O  
G 
C OBTAIN HT SO 
C 
T E N .  =  1 0 . p  . . .  :  .  .  
I  S I  T E  =  ( S I T E / T E N  -  S I T M I N )  +  3 . 0 1  
I F  (  I S I  T E . G T . K T B L 2 A . )  W R I T E  ( 6 , 6 > 2 )  I 5 I T E , K T ) L 2 A  
I F  ( I S I T E . G T . K T ^ L P A )  S T O P  
,  l A G f O  =  ( A G E O / T E N )  +  0 . 0 1  :  
I F  ( l A G E Q . G T . K T 0 L 2 R )  w R I T E  ( 6 , 6 2 3 )  I A G E O , K T < L ? n  
I F  ( l A G E O . G T . K T H L Z B )  S T i )  
H T S n  =  T  A . 3 L 2  (  I S I T E ,  l A G E O )  
T O T J  =  ( C O E F l  *  3  A  S O  H T  S O ) + •  (  " O E F  '  O B M O ) +  C O f - ?  
C 
C  C C M P U T E  > E R C H .  C U .  F T .  I F  C O  i  I S  A r  L E  A S T  5 . Ô  I N C H E S  '  
c 
I F  ( O H H t l  . L T .  P W D I A )  G D  T O  6  
l O r t d O  =  ( ( O B i H O  -  P W D I A )  »  1 3 . ) )  +  1 . 0 1  
I F  ' (  I 0 0 H 0 . G T . K T B L 3 )  W P . l f û  ( ( > , 6 2 4 )  I 0 n 4 C , K T l L 3  
I F  ( l O f t H O . G T , K T 0 L 3 )  S T D ^  
X D B H O  = •  T ' X f 3 L 3  (  I  0 « H 0 )  
C F M O ( N )  =  T J T i J  «  X D B u n  
C 
C  C O M P U T E  B D . F T .  I F  O B H  I S  A T  L k A S T  3 . 0  I N C H E S  
C 
I F  ( D Q H Q  .  L T .  S L G O Î i H )  G U  T D  6  
J O B  H O  =  ( ( O B H i l  -  S L G O ' i H )  1 0 . 0 )  # -  1 . 0 1  
I F  ( J O B H G . G T . K T B L A )  W R I T E  ( 6 , 6 2 5 )  j O B H ] , K T l L 4  
I F  ( J O B H O . G t . K T B L 4 )  S T O P  
Y O B H O  =  T A 8 L 4 ( J 0 B H 0 )  
a O F O l N )  =  T U T O  *  Y D B H T  
C  
C "  C J M P U T F  D 3 H  A F T E R  I N I T I A L  T H I N N I N G  
C  
6  I F  ( N 1 . N E . N 2 )  G O  T O  3  2  
D U  1 1  J = 1 , 1 0 0  
C  P O R H È  I S  U N D E F I N E D  I N  A N Y  P R E C I S i  S É \ ) S ' E  I N  E I T H E R  i =  T 4 F  M A N U A L  
C  A F T E R  A  L O T  O F  L O O K I N G  I T  L I O K S  L I K E  P D B H E  I S  A C T . J A L . V  O E R  ;  /  
C  F I T T I N G  A  k E G R E S S I O N  l i  W H I G  4  A L L  T H E  V A L U E S ,  I N C L U D I N G  
C  P D B H E  A R E  T H E  L O G  T E N  V A L U E S  T H U S  3 B H E  I  T H E  V \ L ! | -
C  U N E  G E T S  I F  O ^ M E  C A S R I E S  T E N  T O  T H E  P O ^  E R  O F  P  0 . 4  M r  
C  U B U P  I S  N O T  D E F I N E )  I N  E I T H E R  3 F  T H E  M A N U A L S  I T  V I ' S  ^ ' O T  
C  A P P E A R  F R O M  T H E  Y  I E L Q  M A N J  A L  T  H  A  A  J Y  ^ O D I F I C A T I D ^  ] F  i r »  r P  v l L l  
C  B E  R E Q U I R E D  T U  C H A N G E  T J  O T H E R  S ' E C I E S .  '  I W F V E F  T H I S  I S  n \ , C  .  
C  C 0 H P  M U S T  B E  R E F I T T E D  W I T H  N E W  S ' E C I - S .  F i l S  r . - V J l - r S  T - < M  
C  U B H P  B E  R E F I T T E D  A N D  V E W  V A L J E S  i E  I M S E R T E O  T R F F L E r . T  T - i E  S T l : ( )  
C  L E V E L - - - A T  T H I S  P O I N T  S T O C K I J ^  L H V E L  S E E M S  T \ )  I E  T " E  A V  E ' ^ A G F  
C  B A S A L  A R E A  T H A T  O N E  W O J L O  F  1 ^ 0  1  M  T H E  S  T  \  M  )  - / H E M  A  S P E C I F I C  
C  D I A M E T E R  I S  A T T A I N E D .  I N  T H I S  C A S E  f ' t l S  S E i ^ M S  T 1  A T  1 0  i v ; ' ; ' "  
C  N O T I C E  T H A  I M  F I T T I N G  O ' ^ H P  T H n R =  I S  N  I  I  - J C E  ) S U : : \  L - F  T H F  F  F  T  ;  R  -
C  T H E  V A L U E  O F  T H E  S T O C K I N G  L E V E L  T  1  T H I N  (  T H ?  L E V E L  T J  T " T ;  
C  S T A N D  W I L L  B t  T H I N N E D  O N  T H E  F I R S T  T H I N N 1 N - )  w H l l i -  T H I S  ' •  
c r t l T  O U T  I F  O R D E R  N O  : H A N J [  W A S  1  i V  T H I S  S - T  n p ;  i r . , ! - p A M ^  A h  i  
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O B  HT = O B H U  
B A S T  =  B A S O  •  :  
C  2 3  C O N T I N U E  
C  
c I N C ' ^ E A S b  C B H  A S  R E S U L T  JF T H I N N I N G  A  N O  C O M f  J T k  P 3 S T - T HI v V I \)r. 
C  V A L U E S  
I F  ( N  . L T  . . N N  ) G 0  T O  2 3  
I F  ( L A T C H  . E Q . l )  G O  T O  ? 3  
C 
2 4  3 U H T  -  D B H O  +  0 . 4  
IF (OBHT .GE. 23.0) GO TO 2S 
J  O B  H T  =  (  (  O B H T  -  U F j H M N )  *  1 0 . 1 )  f  1 . 0 1  
I F  (  J O B H T . G T . K T B L l  )  W r i l T E  ( 6 , 6 2 1 )  J O B H T . K T B L l  
I F  ( J O B H T . G T . K T B L l )  S T O P  
S Q F T  =  T A B L U J Û B H T )  
B A S T  =  ( Û L E V / S T K L V *  *  S 3 F T  
G U  T O  2 6  
2  5  B A S T  =  O L t V  
2 3 ,  C O N T I N U E  
2 6  C O N T I N U E  
6 2 1  F O R M A T  ( •  t ,  2 2 H C A L C U L  A T E - )  S U B S C P .  I ' ^ T ^  , 1 7 .  , 2 2 H E X C E E ? E n  T A  L T  !  I  •  
C I T  =  , 1 7  , 6 H T A B L E 1  )  
6  2 2  F O R M A T  ( •  t , 2 2 H C A L C U L A T c n  S U 8 S C & I ^ r =  . 1 7  , 1 2 H E < C ^ E n E D  T A ' - t .  V  .  1  '  
C I T  =  , 1 7  , 7 H T A B L E 2 1 )  
6 2 3  F O R M A T  ( •  < , 2 2 H C A L C U L A T E û  S U B S C R I P T ;  » .  1 7 . .  . , 2 2  ( E X C E E  ) E n  T A ' :  _  r  .  I  "  
C I T  =  , 1 7  ,  7 H  T A 0 L E 2 2 )  
6 2 4 . F O R M A T  ( •  • ,  2 2 H C  A L C J L  A T E ! )  S U B  S C R  I  • > T  =  , 1 7  , 2 2 H E X C E E 1 E D  J M I L T  !  Î  "  
C I T  =  , 1 7  , 6 H T A B L E 3  1  
6 2 5  F O R M A T  ( •  I , 2 2 H C A L C U L A T E ]  S U B S Ç . R I  p T  =  , 1 7  , 2 2 M F V C E E n E O  T A ) :  I  Î  '  
C I T  =  , 1 7  , 6 H T  A B L  E 4  )  
2 7  R E T U R N  
E N D  
Ln 
m 
S U B R O U T I N G  A N V O L  
C O M M O N  C A T C H ( 6 » , 0 E S C R ( 1 0 ) , G M N A M ( 6 ) ,  
A  A C C S f  f A C/ÈO,À G M R C "H,  AKt^DFl 1 3 1 ) ,  A ^ C j v (  I ' l l  )  )-C 
1 {  1 > 3 . 3 )  , B D E  ; ) (  l a o i  , i ^ E C S T , C ^  (  1  8  ) )  , 0 " =  4  ) (  1  i ) . )  )  , C S  T  . \ C  ,  C  S  T  L  ,  T ' i C S T  ,  r  j  '  .  
2 , nil HO, l)t N J, OLEzV, P R:Hj(10),GSVAUl,G S VA L C , V I. B , 
3 G y L C U , I  A C K E  ( I B J  )  ,  I  A l . C U T ,  I  G A M E  ,  I  S  J  1  (  1 8  J ,  I  T  E S  f  ,  (  2 6 ,  1  5 0 ) ,  
4 K J L ( 6 )  ,  L A N D , L A S T , M A L C U T I  1 0 )  ,  M I L O  ,  M A  C  R r  (  1  9  . )  )  , N G ' \ " . : , N K r , L S , M  ,  v f - . c  r  ^  
C O M M O N  R I N T  ,  T H I N ,  B F M R C H ,  - 3 F S A L V , Ç : 1  1 C U , r j v 3 E , 4 = f : r , ; N T R ,  
6 N b Y R S , P R G  r , P R I B 0 ( l 5 0 »  , P R  I C F  ( 1  > 3  )  , - » l V n U V (  1 0 )  ,  K F T - ' . h ,  R C T  A ,  v  A T y ,  G  '  .  
7SITF,SUMM(6,25,10;,TCJST,S4ELT,y<LnS,FI^ L,CLn<<,CTH\,C»LT,CfP T , 
dVAR( 14,150) ,VL3E,VECU,ACAGE ( 1 JO 0 ), CYCL , < OU'^ J T , OE ? 0 ^ , AXUL , ^ I X , I -• I ' " 
D O U B L E  P R E C I S I O N  G . M N A M ,  O t S C R ,  B A T C H  
C O M M O N  L A B E L  1 ( 2 0 ) ,  I A B E L 2 ( 2 0 ) , N 2  
C O M M O N  C S T A C R d O l )  
I  R O T  =  R O T A  
I N T  =  R I N T  
N V O L  =  ( ( I R U T  -  N 2 ) / I N T )  f  I  
K  =  N V O L  -  1  
C 
C  I N T E S P O L A T E  B E T W E E N  V A L U E S  F R  I M  Y I E L D  T A H L E  
C  
0 0  1  L = 1 » K  
Û Û  I  J - 1 , I N T  
N N  =  J  +  N 2  +  ( L  -  1 )  *  I N T  
RJ = J - 1 
N  =  N 2  +  ( L  -  1 )  *  I N T  
ANCUV (NN ) =CFMO (N )-C = M: (N) + (RJ/4I^T) C = MO(N+ I NT ) -C F Mo ( M ) + c ^ VC ( ) ) 
ANbDF(NN) =BOFO{  N) - f3DFClN)  +LRJ/RI ^IT ) «{  B0F:1(.nj+.1\JJ  )-HDFT( \i )  
1  C O N T I N U E  
A N C U V  (  I R O T + 1  I  =  C F M O d R D T )  
A N B O F ( I P O T  +  l )  =  a n F O (  I R O T  )  
C  W R I T E  T A B L E  H E A D I N G S  ,  
C K-" 
W R I T E  ( ( > , ? . 0 0 »  (  L A B E L 2  (  I  )  f  1  =  1  , 2 0 )  
. 2 . 0 0 . .  ;  .  F O R M A T  (  1 H 1 , / / / /  , 4 1 X , 2 0 ^ . 4 )  
W R I T E  ( 6 , 2  1  S I T E , C Y C L , T H I N , i ) L E V  
2  F O R M A T !  I H  , 4 7 X , 1 0 H S I T E  I  N O E  X  , F 3  .  0  , 1  H ,  ,  F ' + .  0  , 1  9 H - Y E  A R  C J T T  I N  G  C . v r i t /  
L I H  , 5 3 X ,  1 4 H D E N S I T Y  L E V B L - , F 4 . 6 , Ï X , 3 H A N J , F  4 . 0 )  
WRITE (6,3) 
3  F O R M A T  ( 1 H 0 , 4 3 % , 4 4 H V 0 L U M E S  P R E S E N T  P E ' "  A C ^ F  ; \ T  F N N  L ' F -  E A C H  V / P - . C M  
W R I T E  ( 6 , 4 »  
4  F O R M A T  ( 1 4  , 5 4 X  ,  2 3 H i M E  R C H  A N T  A B L E  C . J a î C  F E E T / l H i , A 4 X , 4 H Y E \ P / l H  ,  1 x  .  
1 6 H 0 k C A D E , 9 X ,  I H O ,  9 X ,  1 H  1 ,  9 X  ,  H  ?  ,  9  X ,  H 3 , . 9 X ,  I H  4 ,  9 X  ,  H ' j  ,  ,  1 .  H f  , v  ,  1  k '  /  ,  .
2X,lH-3,9X,lH9,//> 
- . K = 0 . .. . 
C  
C  W R I T E  C U I 3 I C  F E E T  P E ' ^  A C i E  F O R  E A C H  Y E A ;  
C  
WRITE (o,5) K,(ANCUV(NN) ,NN = l, 10) 
5 FORMAT ( lu  ,120,Fil.1,9F10.1) 
I J  =  I R O T  /  I  N T  +  1  
D U  6  J = l ,  I J  
N N  =  1 0  *  J  +  1  
,  r t K l T E  ( 6 , 5 )  J , A \ l C U V ( N N ) , 4 N C U V ( N N  +  l ) , A N C J V ( N N  +  Z ) , A \ C J V r \ N  +  3 1 , f N C U V (  
l N N + 4 )  . A N C U V (  N N + 5 )  , A N C U V ( N N + 6 )  , A N C U V ( N N + 7  )  ,  A M C J V  {  +  )  ,  A N C j / (  N M  + V )  
6  C O N T  I  N U B  
W R I T E  B O , F T .  P E R  A C R E  F O R  E A C H  Y E A R  
W R I  T E  ( 6 , 7 )  
7  F O R M Â T  (  I H O , ' / / / ,  5 ' 5 X , 2 3 H T H n U S A M I ) S  I F  B O A R D  F ' ^ E f  , / " /  )  
W R I T E  ( 6 , 3 )  K ,  ( A N B D F ( N N )  , N V 1 = 1 ,  1 0 )  
a  F O R M A T  ( I H  , I 2 0 , F 1 3 . 3 , 9 F l 0 . i )  
D O  9  J = l  , I  J  
N N  =  1 0  *  J  +  1  
_ W R I  T E  ( 6 , 8 )  J  , A N ! 3 n F (  N N )  ,  A N B O F  ( N N  +  l  )  ,  A N O U F ( N N  +  ?  ) ,  A N B H F  (  S J M  +  3  ) ,  A - g ?  F (  
l N N + 4 ) ,  A N 8 D F (  N N  < - 5  ) ,  A N  F " {  N > H  6 ) ' ,  A ^ J 3  D  F Ï N M » -  7 ) 1  A N R J F  ( r i N + 8 )  ,  A N t ' D F C  N N + v  )  
9  C O N T I N U E  
P R O V I D E  F O R  A N Y  A C R E S  B E Y O M O  C U T A J E  L E F T  J N T H I N N E D  F no A k EY F A P <  
J C Y C L  =  C Y C L  
I M I  =  J C Y C L  1  
_ D 0  1 0  I  =  N 2  , I R O T  ,  J C Y C L  
D  J  1 0  J = 1 , I  M I  
N X  =  I  +  J  
I F  ( N X  . G E .  1 8 0 )  G O  T O  1  I  
l i D F C (  N X )  =  B O F C (  I  )  
1 0  C F M C ( \ X )  = ' C F M C ( I )  
1 1  R E T U R N  
END 
S U B R O U T I N E  I N P U T  2  
C O M M O N  H A T C H ( o ) , 0 F S C R ( 1 3 ) , G M N A M { 6 )  »  
À  A C C S T ,  A G P l O f  A G M ^ C H , A N h U ) F (  1 0 1 )  , A N C J V ( i a i )  i  A  M \ t - :  T  ,  C  
I  ( 1 8 0 1  , 1 3 0  F  J  ( 1 8 0  )  ,  Q F C S T  ,  C F M C (  1 8 J  )  ,  C F M H  (  1 0 0  )  ,  C S T A T , ,  C  S T V L  ,  C U r S T , " U T \ 5 ^  
2 , i ) Q H n , D L - N 0 ,  "  D L E V , F % R C H D ( i O ) , G $ V A L 9 , G S V A L C , G V I B F ,  
3 G V L C U ,  l A C  (  1 9 0  )  ,  I  A L C U T ,  I  G A M E ,  I  S U  H  1 8  )  ,  1  T E  S  T  ,  T  V A  R  (  ,  1 5 : ) ) _ ,  T ' Y Û  ,  
4 K 0 L ( 6 )  ,  L A N D , L A S T , M A L C U T  ( 1 0 ) ,  M G L  0 ,  " • i  A C R  f l  (  1 8 0 )  ,  M  " A  i  î F  ,  N  <  O L  S  ,  M l ,  I V  S I  <  
C O M M O N  R T ,  T H I  N  t  F  M  R  C  H  ,  H  F  S  A  L  V  •  C  O M C  U ,  C  0  M  B  F  ,  3  F  ; >  C  T  ,  ^  N  T  X  ,  
ï >  N O V  R S " ,  P I '  E  T  ,  P  R  I  r t O  (  l  5 0  )  ,  P  R  I  C  F  (  1 5 0  " )  ,  ^ R  i  3  I  V  (  1 0  )  ,  R S  t h  N  ,  K 3 T A ,  " P  A T  F . ,  G  ,  
7  S I  T E ,  S U M M (  6 , 2 5 , 1 0 ) ,  T C  D S T  ,  S H E L T  , Y  R L Q S  ,  F I N L , C L n S S ,  C T H M ,  C . P L  T ,  C r c r . T ,  
B V À R  (  1 4 ,  1 5 0 )  ,  V L B F  ,  V L C U , Â :  A 3 F  (  1 1 0 0 )  ,  C  Y C  L  ,  K  H U N T  ,  L I F * ^  G ' W  A N U I .  ,  M X , l P l \ T  
D O U B L E  P R E C I S I O N  G M N A M ,  ' J E S C R ,  B A T C H  _  
C O M M O N  L A i ^ E L l  (  2  0 )  ,  L A 4 E L 2 ( 2 1  )  , N 2  
C O M M O N  C $ T A C % ( 1 9 1 )  
S E T  I N I T I A L  V A L U E S  O F  Z E R O  
C S T A C  = 0 . 0  
C S T V L  =  O . ' O  
I  A L C U T  = 0  
K O U N T  = 1  
L A S T  =  0  
RËTRN = 0.0 
YRLOS = 0,0 
00  1  [=1 ,180  
1 A C R  E (  I )  =  0  . .  .  ,  
1  N A C R E ( l )  = 0  
, .00 2 1 = 1,1.0 
F M R C H I M  I  }  =  0 . 0  
4 A L C U T ( I  )  =  0  
2  P R  l O I V f  I  )  =  0 .  0  
. 00, 3 1 = 1 ,20 . 
0 0  3  J = 1 , 1 5 0  
3  I V A R (  I ,  J  )  . =  0  .  
0 0  4  1 = 1 , 1 4  
0 0  4  J = l , 1 5 0  _  
4  V A R ( I , J  J  =  0 . 0  
c  
c  R t A ! )  V A L U E S  T H A T  D O  N O T  C H A N G E  W I T H I N  A  G A M E  
C  
K t A O  ( 5 , 5 )  ( G M N A M ( ' l l , i  =  i , 3 )  
5  F O R M A T  (  3 A 8 )  
R E A D  ( 5 , 6 )  L A N D , M O L D , V i O M S T K , , < A ^ t A ,  I P L N i r  
6  F O R M A T  ( 2 0 1 4 1  
I F  ( K A R Ë À  , L Q .  0 )  T O  d  
C  
C  R E A D  I N  E Q U A L  A R E A S  A L L  A G E  C L A S S E S  
C  
N O X  =  M O L )  + 1  
0 0  7  1 = 1 , N D X  
7  l A C R E ( I )  -  K A R E A  •  '  
C  
C  A D J U S T  N U M B E R  DF A C R E S  I N  Q L D 9 S T  C L A S S  I  F  T  I T ^ L  A R E A  NOT 4  J I  T  I P .  E  
C  OF K A R E A  
K O I F F  =  L A N D  -  N O X  *  K A R E A  -  N 3 N S T K  !  m  
.  l A C R E ( N O X )  =  1 A C R E ( N ( ) X )  +  K O Î F F  °  
:  l A C R E ( l )  =  l A C R R ( l )  +  N O N S T t  
G O  T G  1 0  
c 
C  R E A D  I N  U M E Q U A L  A R E A S  I ^  A G E  C L A S S E S  
B  R E A O  ( 5 , 9 )  ( i  A C R E  ( I ) , I  = 1 , 1 8 0 )  
9  F O R M A T ; 1 8 1 4 )  
C  
C  R E A D  L I M I T A T I O N S  O N  C U T  
C  
1 0  R E A D  ( 5 , 1 1 )  ( P R I O I V (  I  ) , 1 = 1 , I D )  
1 1  F O R M A T  (  1 0 F 0 . 3 )  
R E A O  ( 5 , 9 )  ( M A L C U T ( I ) , 1 = 1 , 1 0 )  
R E A D  ( 5 , 1 1 )  { F M R C H O ( 1 ) , I = 1 , 1 3 )  
R l - A U  ( 5 , 1 1 )  S H E I .  r , R A T E , C P L T , C T 4 N , :  L O S S , A C C S r , C U C S T  ,  H  F T  S  T ,  O R  0 1  ' ,  r  I  L 
R E A D  ( 5 , 1 2 )  O E F O R , A M U L  
l i  F O R M A T  ( 2 F 3 .  5 )  
ûEFDr t l  =  DEFOR *  100.0  
P R I N T  C O N D I T I O N S  I J F  S I M U L A T I O N S ,  
W R I T E  ( 6 , 1 3 . )  
1 3  F O R M A T  ( l H l , / / , 4 6 X , 2 6 H A L T E R N A r i V E S  F n , <  T H I S  G A M t !  )  
W R I T E .  ( . B A T Ç H M J  , 1  =  1 . 3 )  
1 4  F O R M A T  ( I H  , 4 b X , 7 H « A T C H  , 3  A S )  
1 5  F O R M A T  (  I H  , 4 5 X , 4 H T E S T ,  I  4 )  
W R I T E  ( 6 , 1 6 1  ( G M N A M (  I ) ,  1  =  1 , 3  )  .  .  
1 6  F O R M A T  (  I H  , 4 5 X , 6 H G A M E  , 3 A 4 )  
W R I T E  J  6 ,  1 7 )  ( D E S Ç R d ) . ,  1 = 1 , 5 ) _  
1 7  F O R M A T  ( I H  , 4 5 X , 5 A B , / / / / I  
W R I T E  ( 6 , 1 8 )  N O Y R S  
1 8  F O R M A T  (  I H  ,  4 5 X ,  2 4 h N U ' M  B F R  3  F  Y C \ R S  P E R  G A M E , 1 4 , / / / / )  
W R I T E  ( 6 , 1 9 )  (  P R I D I  V (  I  )  ,  I  = 1  ,  1 0 )  
1 9  F O R M A T  (  I H  ,  1  î i H C  R  I T  I  C  A  L  P R  I  C  t  5 ,  l  2  <  ,  1 0 F  9 .  2  )  
W R I T E  ( 6 , 2 0 )  (  M A L C U T  (  I  )  ,  1  =  1  ,  1 0  )  
2 0  F O R M A T  (  I H  ,  1  3 H A L L Q W A B L v :  C U T ,  1 1  X , 1 0  1 9 )  
.  .  W R I T E . J . 6 , 2 l . )  . ( F W R . Ç H p (  I  I , 1=1.,..10) 
2 1  F O R M A T  ( I H  , 1 9 H M I N I M U M  C J T T I N 3  A . i E ,  ^ X  ,  1 0  F 9  .  0 ,  /  /  /  /  )  
dRITE (6 ,221 LAND .  ,  
2 2  F O R M A T  ( I H  , 2 3 H A C R E S  I N  W O R K I N G  C U C L E , 1 3 X , I  4 ,  2 5 X ,  2 7 H C 0  S T S  1 \  f I t S  
I T  Y E A R  O F  G A M E )  
W R I T E  ( 6 , 2 3 )  A C C S T  
2 3  F O R M A T  ( I H  ,  6  9 X ,  1 7 H P F R  A C R E  ( A N N U A L  ) , y x , F l . ,  2 )  
W R I T E  ( 6 , 2 4 )  C U C S T  
2 4  F O R M A T  (  I H  ,  3 U H M I M I M U M  V A L U E S  F O R  I \ ^ L U S I 1 N  I N  TI . ITA.LS, :UX i  
1 0 0  C U .  F T .  H A R V E S T  E D , n . 2 )  
W R I T E  ( 6 , 2 5 )  A G M R Ç H , B F C S T  _  
2 5  F O R M A T  ( I H  , 4 X , 2 2 H A G t ,  F  O K  G R O W  I N ]  S T  3  C K  ,  1  I  <  ,  -  3  .  0  ,  2 ^  X  ,  1 ' ' H  P P  '  M  . O .  
1 F T .  ,12X , F 9 . 2 )  
W R I T E  ( 6 , 2 6 )  B F M R C H , C T H N  
2 b  F O RMAT ( 1 H , 4 X , 2 3HM B O . FT. ,  r -Qi I R l W lNl  S T  i :  K , S X, -^ 7 X , n.M 1-U " i 
1  O N E  A C R E , 1 2 X , F 9 . 2  )  
W R I T E  ( 6 , 2 7 )  C O M C U , C P L T  
2 1  F U K M A T  ( I H  , 4 X , 2 7 H C U .  F T . ,  F O R  C C M M F R : I A L  C J T , % a , F 4 . n , 2 n x , l 4 4 n L A \ T  
1  O N E  A C R E  t i l  X , F 9 . . 2  )  
W R I T E  ( 6 , 2 8 )  C a M B F , C L 3 S S  
2 4  F O R M A T  ( I H  \ 4 X , ? 9 H M  D O .  F T . ,  F O R  C O M M E R C I A L  C U T , 4 X , ^ 5 . 1 , 2 7 % , 1 9 4 : L :  
l A N U P  O F  O N E  A C R E , 6 X , F  9 . 2 )  
"  " W R I T E  ( 6 , 2 9 )  . 3 F S A L V , R A T E  
2 9  F O R M A T  (  I H  , 4 X , 2 2 H M  B O .  F T . ,  F O R  S A L V A G E ,  1 I X , F 5 .  1 , 2  i X , 2 5 H V \ T F  ] F  I  
I N C R E A S E  I N  C O S T S ,  4 X , F " 9 .  2 , / / )  
W R I T E  ( 6 , 3 0 )  I P L N T  
3 0  F O R M A T  (  I H  " , 2 2 H A C R F S  P L A N T E D  À N N U  A L L Y  ,  1 4 X  ,  I  4 ,  2 5 X  ,  : - i 5 H R r ; L  A t  I  V C -  V A . J F  
1  O F  I N T E R M E D I A T E  C U T S )  
W R I T  E  ( 6  ,  3 1  )  " D E F O R I ,  C F P C T  
3 1  F O R M A T  ( I H  , 3 0 H P E R C E N T  : ) F  A C R E S  L O S T  A N N J A L L Y , 6 < , F 9 . 3 , 2 i X , ? 3 M S T J 4 ^  
l A G t  P R I C E ,  C U .  P T . , 2 X , F 9 . 2 ) "  
W R I T E  ( 6 , 3 2 )  S H E L T , B F P C T  
3 2  F O R M A T  ( 1 4  , 2 4 H M  K D .  F T .  I N  S ^ E L  T E R W O O I ) ,  I  Î X  ,  F 5  . 1  ,2  7 x  ,  ?  Î  H S r ' ) v o / \  r  f -  o  
I R I C E ,  B D .  F T . , 2 X , F 9 . 2 )  
W R I T E  ( b  , 3 3 )  F I N L  
3 3  F O R M A T  (  I H  , 1 9 H R E G E N E R A T I  O N  P E R I 0 ) , 1 8 X , r 5 . l , / / )  
W R I T E  " ( 6 , 3 4 )  Â N U L  
3 4  F O R M A T  ( I H  , 2  9 M P  S E U D O R  A N O G M  N U M ^ F . ' R  i E N E i U T  O K ,  ? X ,  F  M  .  I  )  
W R i  T E  (  6 ,  3 5 )  G N T R  
3 5  F O R M A T  (  I H  , 3 4 X ,  F 8  . 1  )  
R E T U R N  
E N D  '  .  
S U B R O U T I N E  A R E A S  
C O M M O N  i 3 A r C H ( 6 ) , , ' ) E S C R  ( 1 3 )  , G M N A M ( 6 |  ,  
A  A C C S T , A G E 0 , A G M t : 4 , A N 3 n P (  1 9 1 )  . A M C U V d U )  ,  N M I :  T  ,  C  
U  I  b O  )  ,  B O F O  (  1 8 0  )  ,  i 3 F  C S T  ,  C E M C  (  1  »  J  )  ,  C t ^ M U  (  I  8 ! )  )  ,  C S  F  i C  ,  C .  S  T V I .  ,  C U C  S  F  ,  7  U T  A  i  !  
2 , 0 8 H O  , D E  N  ) ,  O L E  V , F M R C H I X  I  0  )  ,  " Î S V A L * < ,  G ' S  V A L C  ,  G V I . B F  ,  
3 G V L C J  ,  l A C R E  (  l i J O  )  ,  I  A L C U T ,  I  G A M E ,  I  S U 1 (  1 8  » ,  I  T E S  T ,  1  V A "  (  ,  1 5  . )  )  ,  I  V f  A H  ,  
4 K 0 L ( 6 )  ,  L A N D ,  L A S T  ,  M A L  c u r  ( 1 0 ) ,  M O L D ,  j A C P E <  1 8  )  )  ,  v j ' Î A  M F  ,  N <  O i .  S ,  v a  ,  v ' ? \ s  T  <  
.  C O M M O N  R I N T , T H I N , B F M R C H , 3 F S A L V , C 0 4 C U , r O M n F , l F ^ C r , G N T R ,  
6N0Y4S ,  P R E T ,  P R I Ô O d S O  )  , P U CF ( I ^ 0 j , ^ ^  3 I V( 101,T%N, % 1 T A , S A  FF ,GI- (V, , 
7 SI TE,SUMM(6,25 ,10) , TCIÎSÎ , SHELT ,Y RLDS ,FINL, GLOSS, CTH\, CPLT,CrPCT, 
3VAk( 14,150), VL3F , VLCU,A:AGE ( 1 300) , C YC L ,  K QUN T , 0F'= 0  ^  ,  ANML ,  "'IX ,  JPI 
OOUiJLE PRECISION GMNAM, DESCR, RATCH 
COMMON LA8ELL(20), LAIitL2 <23 ) ,N?. 
C O M M O N  C S T A C R ( l B l )  
GSVALIJ = 0.0 • 
GSVALC = 0.0 
G V L B F  =  0 . 0  
GVLCU = 0.0 
" b o  1  1  =  1 , 1 8  \  .  
1 ISUM(I) = 0 
'  i ) 0  2  1 = 1  , 1 0  0 0  
2 ACAOE( r ) = 0. 0 
CONVERT ACRES IN EACH I AC RE ( I ) T 0 I n|DT V 1 DU AL .AGs ES 
JK = 0 
D O  ' 3 0  J = l , 1 8 0  
I F  ( J K  . 3 E .  L A N D )  G O  T O  4  
I F  ( l A C R E ( J )  . L Ë .  0 )  G 3  T O  1 0  
K L  =  J K  +  1  
J K  =  J K  +  I  A C  R E ( J )  
D J  3  I  =  K L , J K  
'  N A C  =  L A N ! )  +  1  -  i  
A C A G E ( N A C )  =  J  -  1  
b'ccnt inue  
30 CuNTI NUE 
GET DISTRIBUTION OF ACRES BY AGE. 
CHECK THAT NO ACRE IS OLDER THAN 179 YEARS 
4  0 0  7  K = l , L A N i )  
IF (ACAOE(K) .LE. 179.0) GO TO ft 
WRITE (6,5) 
,  ,  5  F J R M A T  (  I H l  , 4  7 X , 3 a H Y n u  W E N T  O t E Y f l N . )  L I M I T  i F  1 7 9  '  
I  YEAR =  NOYRS -  1  
RET JRN 
6  L4  =  ACAGE(K)  +  1 .0  
, 7  NACRE(LM) =  NACREjLM) +  I  
• C  
...c ccMPure  to ta l  acreage  rv  io -y^ar  age  c lasses  
c  
:  D U  y  1  =  1 , 1 8  
O i l  B  J  =  1  , 1 0  
N S  =  1 0  *  ( I  -  1  I  +  J  
3  . ISUM(n =  ISUM( I I  +  NACRE (N $ r _  :  
C : 
C  .CCMPUIE GRUWING STOCK VOLUME.  
C USE CU.FT.  IF  VCILUM.5  IS  LESS THAN c^FMRCH 
.  C  
D O  1 0  M = 1 t L A N O  
I F  ( A C A G E { M >  , L T .  A G M R C 4 )  G O  T O  I J  
I  A G  =  A C A G E ( M )  +  1 . 0  ^  
I F  ( A N B D F ( I A G )  . G B .  B F M R C H )  G O  T O  9  4 ^  
•  G V L C U  =  G V L C U  f  A N C L ) V ( I A 3 )  
G O  T O , I P  
9  G V L H F  =  G V L H F  f  A N 3 0 F ( I 4 G )  
10 CONT INUE . 
C  C O M P U T E  I N I T I A L  NCN - Z E R )  V A L U E S  F I R  P U T i H J T ?  
C 
IVAR(7 ,1 )  =  GVLCU +  0 .5  
I V A K ( 8 , 1 )  =  G V L G F  +  0 . 5  
I V A R ( V , i ;  =  I V A R ( 5 , 1 )  +  I V A R ( 7 , l )  
I V A R ( 1 0 , l )  =  i V A R ( 6 , l l  +  I V A R I B , ! )  
I  V A i M  1 1 ,  1 )  =  N O N  S T  K  
V A R ( 1 , 1 )  =  P R I C F ( l )  
V A R ( 2 , 1 )  =  P R i a O d  )  
G S V A L B  =  G V L B F  *  ( P R I B O d )  -  ' V - C S T )  
G S V A L C  =  ( G V L C U / 1 0 0 . 0  )  f  ( P - f l C P ( l )  -  C J C S T )  
V ^ R ( 1 3 , 1 )  =  C i S V A L C  f  G S V A L B  
V A R < 1 ' + ,  I )  =  V A K C 1 3 ,  1  I  4 -  V A R (  1 2 ,  1 )  
D O  1 1  1 = 1 , 1 4  
N  =  I  +  1 1  
i l .  I V A R l N f l l  =  I S U M ( I )  .  
I V A R ( 2 6 , 1 )  =  I S U M ( 1 5 )  f  I S U M ( l b )  f  l S J M ( i n  +  I S U M I I S )  
c  
c  W R I T E . H E A D I N G S  F O R ,  T A B L  t  Q F  ,  . n  I T  U L  W I S T P I R J T i n N  O F  R Y  A G V . .  
C 
1 2  F O R M A T  < 1 H ^ , / / / / , 3 0 X , 3 6 H I \ " I T I A L  D  I  S  T R  I  Î  U T  I  0  v j  i =  A C 5  f . - S ~  B  V  A G : -  )  
W R I T E  ( 6 , 1 3 )  ( d A T C 4 ( I ) , I = l , 3 )  
1 3  F O R M A T  ( I H  , 4 5 X , 7 H B A T C H  , 3 A 8 )  
W R I T E  ( 6 , 1 4 )  I  T E S T  
1 4  F O R M A T  (  I H  ,  4 5 X  ,  4 H  T F  S  T  ,  I  4  )  
W R I T E  ( 6 , 1 . 5 )  ( G V 1 N A M ( I ) , I  =  1 , 3 )  
1 5  F O R M A T  ( I H  , 4 5 X , 6 H G A M H  ,  3  A ; 3  )  
W I U T E  ( 6 , 1 6 )  ( O E  S C R  ( I ) , I  = 1 , 5 )  
1 6  F O R M A T  ( I H  , 4 5 X , 5 A 8 >  
W R I T E  ( 6 , 1 7 )  
1  r  F O R M A T  ( I H  , 4 5 X ,  1 6 H Y F . A R  W I T H I N  G A M E  ,  " i x  ,  I H O  . / / / )  
/ J K I T E  ( 6 , 1 8 )  
1 3  F O R M A T  ( I H  , 5 5 X , 9 H A G E ( Y E A R ) )  
d R I T E  ( 6 , 1 9 )  
1 9  F O I V M A T  (  I H  , 4 X  ,  1 1  H A G  E  (  D E C  A O E  ) ,  7 X ,  I H  J ,  7 X ,  I H l ,  7  X ,  1  H 2  ,  7 X  ,  ]  H 3 ,  > X  , 1 4 ^  ,  7  
I X ,  1 H 5 , 7 X  , 1 H 6 ,  7 X ,  1 H 7  , 7 X ,  I H 8 ,  7  X ,  I H 9  , 1  a X , ' 5  H T O T  A L ,  / /  )  
C  
C  W R I T E  N U M B E B  O F  A C R E S  M  E A C H  l - Y r . A - <  A G E  C L \ S S  ' \ N O  T O T  A l  S  
C  1 0 - Y E A R  C L A S S E S  
C  
D O  2 1  J = l ,  1 8  _  
I K  =  j  -  1  
N N  =  1 0  *  I K  +  1  .  
W R I T E  ( 6 , 2 0 )  I K ,  N A C K E  (  N N  )  , ' * J  A C ^  E  (  N  4  +  I  )  ,  M A  C u  (  N N f : - :  )  »  M A C < r - (  )  t  "  •  -
I E  ( N N » 4 )  , N A C R E  ( N N + 5  )  ,  N A C R E  ( N M + 6  )  ,  N A C K E (  N H  +  7  ) ,  - M A C h E  (  N \  +  9  )  ,  v i  N C X  f  <  \ ' v  +  -
2 » , 1 S U M ( J )  
2 0  F O R M A T  ( I H  , 1 1 1 , 5 X , 1 0 ( 8 , 1 1 5 , / )  
2 1  C O N T I N U E  
R E T U R N  
É N O  
S U B R O U T I N E  Y E A 4 S  
C C M M O . ' M  B A T C H  ( 6 )  ,  D E S  C R  <  I D  J  ,  G M N  A M  (  6  »  ,  
A  A : C S t , A G c O , A G M R C 4 , A N a O F ( l 8 1 )  ,  A N C'JVdn ) , , I ' O F  C  
1 ( 1 8 0 ) t B D F a ( 1 8 0 ) »  B F C S T , C F M C ( 1 3 0 ) , C  =  M O (  1  H O )  , C S T A C • r S T V L , C U r > T , C U T  A  S  
2  , l ) B H O , D E N J ,  •  b L F V , F M R C H n ( i 3 ) , G S V A L H , G S V A L : , 3 V L i  =  ,  
i G V L C U ,  l A C - l E l  1 6 0 )  ,  I A L : U T , I G A M E , I S U 4 ( 1 S )  ,  I  T h  S T  ,  I  V  A K  (  2  ô  ,  1  ?  ) )  .  k Y E A R ,  
4 K a L ( 6  )  , l A N D ,  L A S T *  M A L  C U T <  1 0  ) " i  M i l L O  t  M A C  P  F  (  1 8 0 )  . N G A M r  ,  M K O L  S  »  N !  1 1  r - ! S  T  K  
C C M M O N  R I M T , T H I N . B F M R C H , B F S  A L V , C O  1 C U , C O ^ q F , ^ F P C T , G N T P ,  
6 ; M 0 Y R S , P R E t , P R  I B O t  1 5 0 »  , P R I C =  (  I S O )  , 9 \ l D I  V (  i n )  , K - T R N , R r T A , P A T F ^ G / C h ,  
7  S I  T L  , S U M M { 6  , 2 5  » 1 0 )  f  T C G S T ,  S H E L T  , Y R . . ) S ,  F I V L ,  C L D S S ,  C T H M t C P L  T  , C F P ' T  ,  
• B V A R (  1 4 , 1 5 0 )  , V L 3 F , V L C U , A C A G E  1 1  . ) 0 0 )  , C Y T L, k n U M T ,  O F F  0 »  ,  A N  J  I ,  M X ,  I  P L  U  
U O U U L E  P R E C I S I O N  G M N A M ,  D E S : % ,  B A T C M  
C C M M O N  L A 6 E L 1 ( 2 0 ) ,  L A f t E L 2 ( 2 0 ) , N 2  
C U M M J N  C S T A C R ( 1 8 1 )  
G V L B F  —  0 * 0  
G V L C U  =  0 . 0  
L O S S  =  0  
N P L N T  =  0  
R É T H V  =  0 . 0  
K E T T H  =  0 . 0  
S C L Q S S  
o
 
o
 
: II 
S C P L T  =  0 . 0  
S C  T H N  =  0 .  0  
V L B F  =  0 . 0  
V L C U  =  b .  0  
J C Y C L  =  C Y C L  
l Y R M  =  l Y E A R  
M A K E  A N Y  S C H E O U L E D  A N N U A L  P L A N T I N G  
I F  ( N O N S T K  . E U .  0 )  G O  T O  1  
N P L N T  =  I P L S T  
I F  ( N P L N T  . G T .  N Q N S T K )  \ P L 4 T  =  X l N S F K  
N O N S T K  -  N O N S T K  - N P L N T  
A P L T  =  N P L N T  
S C P L T  =  A P L T  »  C P L t  
I F  ( N O N S T K  . E W .  0 )  G O  T O  1  
K I M  =  L A N D  -  N O N S T K  +  1  +  L A S T  
I F  ( K I M  . G T .  L A N D )  K I M  =  K I ^  -  L A - J D  
I C H  =  K I M  +  N  J N S T K  -  1  
C 
C  _  A G E  Z E R O  O F  A R E A S  S U B R 3 J T I N E  G I V E S  C O N D I  T I O N S  A T  E M . )  ! ) F  Y ^ J A - " .  
C  S O  I N C R E A S E  A G E S  O N E  Y E T O  S T A R T  S I M U L A T I O N  
C  
1  D O  2  1 = 1 . L A N D  
A C A G E (  I  )  =  A C A G E t I  »  +  1 . 0  
2  C O N T I N U E  
I F  ( N O N S T K  . t Q .  0 )  G O  T D  4  
C  
C  S U P P R E S S  A G E  I N C R E A S E  F D R  N O N S T C I C K E . )  A C i E S  
C  -  • .  -
. .  :  D O  3  I = K I M , i C H  ,  
A C A G E (  I )  =  0 . 0  
5  C G N T I N U E  
4  I F  ( D E F Q R  , Ç 0 .  0 . 0 )  0 3  T ] . 1 5  
C 
c  D E T E R M I N B  A ^ G A ,  P E K O H E S T E ?  . A N N U A L L Y  
C  
A K D X  =  L A N D  -  N C N S T K  
Y R L J S . =  ( \ K D X  »  l E F O R )  +  Y R L O S  
I F  ( Y R L O S  . L T .  1 . 0 )  G O  T O  1 5  
C  
.  C  G E N E R A T E  P S  E J O O R  A N D O M  F O R  ^ G C  O F  A C R . V  I L S T C Q Y H l  
S  N D I V  - =  
N U L L  =  
N U L L  =  
( 1 7 . 0  *  A . N U L  f  3 . 0 1 / 1 2 9 .  0  
A  N U L  
( 1 7  *  N U L L  +  3  )  -  I  M  *  N D I V  
AMUL = NULL 
C H t C K  T H A T  A G E  E X  I S T S  A N D  I S  • Î Ë T H f i E  M  O M t  A N  J  T  L  ) c S T  C U 4 % t S T  
I P  (  A  N U L  . L F .  0 , 0 )  G O  T l  5  
I F  ( A i M U L  . G T .  A C A G F (  K O U N T  )  )  G O  T O  5  
0 0  6  M = l , L A N D  
K A C R  =  M  
I F  ( A C A 3 & ( M )  . E j .  A N U L )  G O  T O  7  
6 ,  C O N T I N U E  :  
G O  T O  5  
S E T  L I S S  t o  R C O U C F  C U R R E N T "  A L L D w A ' i L G  C U T  
7  L O S S  =  L O S S  +  I  '  .  
NJNSTK = NONSTK .+ 1 
V R L O S  =  Y R L O S  -  1 . 0  
S A L V A G E  V O L U M E  I F  N O T  L F S S  T H A N  R F S X L V  
N O  S A L V A G E  O R  C L E A N U P  I F  A G E  L E S S  T H A y  A G ^ - O .  _  
. I F  L N U L L  . L E .  N I )  G O  T O  9  .  
I F  ( l Y E A R  . E Q .  1 )  M T H M  =  F M % C H 0 ( 1 )  
N U L L  =  N U L L  +  I  
K U L L  =  N U L L  -  I  .  
I F  ( K U L L  . L T .  M T H N )  G O  T D  8  
S A L V 3  =  A N O O F ( N U L L )  +  Q D F C ( K U L L )  
I F  ( S A L V B .  , L T ,  4  F  S A L  V )  S C L O S S  =  S Ç L O S S  »  C L O S  S  
I F  ( S A L V B  . L T .  G F S A L V I  G O  T O  9  
.  . . V L B F  -  V L I 3 F  f  S A L V B .  .  ,  
R E T T H  =  R E T T H  +  S A L V B  *  ( P R I B n ( I Y ^ M )  *  R F ^ C T )  
G O  T O  9  .  
8  S A L V O  =  A N B J F  (  N U L L )  
I F  ( S A L V B  . L T .  B F S A L V . )  S C L O S S  = . .  S : . L O S S  >  C L  3 S  S  
I F  ( S A L V B  . L T .  B F S A L V )  G O  T O  9  
V L B F  =  V L B F  +  S A L V B  
R t T T H  =  R E T T H  +  S A L V B  *  ( P R [ B n ( T Y < ^ )  ' h  B F ^ C T )  
R t N U M H E P  A C R E S  T O  P U T  A C R E  L O S T  A F  E N D  O F  A G E  S E Q J E ^ C ^  
W I T H  A G E  Z E R O  
V I F  ( K A C K  . N E .  K O U N T )  G 3  T O  l O '  
L A S T  =  L A S T  * -  1  
K J U N T  =  K J U N T  +  1  
A C A G E ( L A S T )  =  0 . 0  
G O  T O  1 5  
1 0  L U  A  =  L A S T  -  1  
I F  ( K À C R  . L T .  L A S T )  G O  T O  1 3  
M N O  =  L A N j  -  K A C R  
•  D O  1 1  J = 1 , M N 3  
_ J S U ^  =  K A C R  +  J  
I  S U ' 3  =  J  S U 3  -  1  
A C A G E ( I S U B )  =  A C \ G F ( J $ U 3 )  
1 1  C ( ] N f  I  N U E  
A C A G E  ( L A N D )  =  A C  A G E  ( 1 )  
b ' j  1 2  K =  1 , L U B  
K A i M  =  K  +  1  
A C A G E  ( K )  =  A C A G E  ( K A N )  
1 2  C O N T I N U E  
A C A G E ( L A S T )  =  0 . 0  
G O  T O  1 5  
l  i  U O  1 4  M = K A C  R ,  L U  8  
M U L  =  M  +  1  
A C A G E ( M )  =  A C  A G E ( M O L )  
1 4  C O N T  I N U E  
A C A G E ( L A S T )  =  0 . 0  
J F ( Y K L D S . G E .  1 . 0 )  G O  T O  5  
> ' K E P A R E  S U O T O T A I . S  F O P  C U R R E N T  Y E A %  A N O  C H i " C <  F H - M  A C  
I S  O L D E R  T H A N  1 7 9  Y E A R S  
1 5  0 0  1 6  K = l , 1 8 0  
N A C R E ( K )  =  0  
1 6  C O N T I N U E  
D U  1 9  K = 1 , L A N O  
I F  ( A C A G E ( K )  .  L S .  1 7 9 . 0 )  S C I  T U  I R  
W R I T E  1 6 , 1 7 )  
Ï 7  F O R M A T  (  I H l  , / / / / / , 4 7 X , 3 - 3 H Y a U  ^ L ' N T  L  U ' I l  Û F  1 7 *  Y '  )  
l Y E A R  =  M T Y R S  
G O  T O  4 2  
1 3  L M  =  A C A G u ( K )  +  1 . 0  
N \ C R E ( L 4 )  =  N A C - i E ( L M )  4 - 1  
1 9  C O N T I N U E  '  
C • : " 
. . . c  _  _ 0 E T E A M I N E  A L L ] w A O L E . C U T  . 8 \ S k O  O N  1 3 . F T .  S T U X P A K r  ^ R l C t  . . .  ;  
D O  2 0  J  =  1  , 1 0  
N S U ! 3  =  J  
, 1 F ,  ( P R I B D C  l Y R M )  , L E .  P «  I  D  I V  ( . . J  ) .  ) .  G  1  T U .  2 1  .  i  
2 0  C O N T I N U E  
2 1  l A L C U T  =  M A L C U T ( N S U ' i )  -  L O S S  
O U T A G E  =  F i M R C H û C  N S U B )  
C  t ;  ;  
C .  C O M P U T E .  T H I N N I N G S  F O R  A N N U A L  C U T  o  
C  
:  M X Y  =  d  
M A C  =  C U T A G C -
D J  2 4  I = N 1 , M A C , J C Y C L  
C  W R I T E  ( 6 , 1 0 4 )  M A C  
1 0 4  F J 4  4 A T  { '  •  ,  •  T H E  V A L U E  G F  N A C  I  M  Y E A R S  I S * ,  1 5 )  
V 3 T H  =  0 . 0  
V C T H  =  0 . 0  
I F  ( I  . G E .  M A C )  G O  T O  2 5  
M R  =  I  +  l  
I F  ( B O F C ( I )  . L T .  C O M B F )  G O  T O  2 2  
V L d F l  =  N A C 4 E ( M R )  *  B D F : ( I )  
V L d F  =  V L 3 F  +  V L B F l  
,  ,  V B T H  =  V L . 3 F 1  
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